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(From the Laboratory Physiological Chemistry the Pathological 
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Many studies blood serum various diseased conditions are 
record, but summarizing the results this work 
concludes that but little importance pathology and physiology 
has been gained. This extreme view which not justified 
comprehensive analysis and adequate interpretation the mate- 
rial hand. 

Normally blood serum varies but little its chemical composi- 
tion. Its chief ingredients, the proteins (euglobulin, pseudoglobulin, 
and albumin), sodium chloride, urea, and the allied nitrogenous 
waste products, maintain definite proportions, and may regarded 
physiological constants. Variations from the normal are known 
occur many diseases. The purpose this work put 
record the results analysis eighty sera from different 
sources, and discuss the facts elicited conjunction with the 
observations made other investigators similar conditions. 

The substances principally studied were the proteins, chlorides, 
and incoagulable and non-protein Ash and total solids 
were also estimated number the eighty sera 
examined, thirty-nine were from blood and forty-one from effusions 
different sorts. The two groups sera will considered 

This work was done under tenure the George Blumenthal Jr. Fellow- 
ship Pathology. Received for publication, June 16, 1912. 

*Morawitz, P., Oppenheimer’s Handbuch der Biochemie des Menschen und 
der Tiere, Jena, 1909, ii, 79. 

*The term incoagulable nitrogen will be-used collectively place in- 
coagulable and non-protein nitrogen. 

sugar content blood serum will not discussed this study. The 


nature its variations well understood and comprises separate chapter 
the chemistry the blood. 
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separately. present communication will deal only with the 
blood sera. 


The sera examined were obtained from the following sources: 

case (transfusion donor) 

Diabetes insipidus—1 case 

Cardiac disease—7 cases 

Cardiorenal disease—5 cases 

Renal cases 

Diabetes mellitus—3 cases with coma and lobar pneumonia) 
influenzal tuberculous, 

Pneumonia—7 diabetic (lobar pneumonia), 
lobar pneumonia, 

Emphysema the case 

case 

Achylia case 


This classification made according the clinical diagnosis 
the cases, and the diagnoses are, course, not final. Closer 
pathological study with post-mortem examinations might lead 
somewhat different classifications, especially the cases cardiac 
and renal diseases. those familiar with the nature these 
diseases, known that, rule, they are not essential forms. 
Usually cardiac diseases the chronic type, with insufficiency, etc., 
are accompanied renal disturbances hepatic and vascular 
changes. classification these cases into distinct pathological 
groups therefore not possible. With but few exceptions the blood 
was obtained phlebotomy done the hospital routine for thera- 
peutic purposes. This importance because shows that most 
the cases studied were clinically severe types, some, fact, 
extreme. 

According Hammarsten and others, human blood sera show 
normally the following values per 100 cubic centimeters serum: 


Incoagulable and non- 


Total protein. Globulin. Albumin protein nitrogen. 
5.5-8.4 gm. 37-40 60-63 gm. 
Mean 38.5 4.2-4.4 gm. gm. 0.361 gm. 

7.0 gm. 4.3 gm. 0.035 gm. 


1:1.6 
Total solids. 
8.20-9.20 0.850-0.912 gm. 
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One normal serum analyzed the author gave the results shown 
table per 100 cubic centimeters serum. comparing the 
values obtained this analysis with the standard values given 
above, find that this serum probably represents the maximum 
normal type. differs from the standard two particulars 
namely, the chlorides and the incoagulable and non-protein nitrogen, 
both which are high. This probably due the fact that the 
person transfusion donor) from whom the serum was taken 
partook food shortly before the serum was removed. 


TABLE 
Normal Blood Serum. 

3.071 1.059 2.012 5.00 0.307 


Cardiac Cases.—In the analysis the sera from the cardiac and 
cardiorenal cases (table find considerable individual varia- 
tions, some which are quite remarkable. the twelve 
cases (Nos. 33, 19, 23, and 36) show values for the different sub- 
stances which are within the normal range variation. Though 
the total protein these cases nearer the minimum normal 
amount, determined Hammarsten, Abderhalden, etc., the 
ratio the different protein fractions each other and the 
total protein content quite normal. moderate state dilution, 
hydremia, would account fully for the protein values obtained. 
The increase observed the amount incoagulable nitrogen does 
not contradict the possibility existing hydremia these cases, 
especially view the normal amount chloride present the 
sera. The increased incoagulable nitrogen might due 
functional disturbance the kidneys, resulting from passive 
congestion. 

The remaining eight cases present some interesting and instruct- 


the tables the values are given grams per 100 c.c. serum. 
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ive features. With but one exception (case 51) they all show 
values for the total protein which are equal less than the 
normal minimum. Sera and are from case chronic 
myocarditis associated with chronic pulmonary edema and anasarca. 
The uniformity the results the two determinations 
They both show protein content which only half the normal 
amount. view the fact that this case was associated with 
anasarca, might once concluded that the low protein con- 
tent the result severe hydremia. analysis all the data 
this case seems probable that addition the hydremia other 
factors are concerned the peculiar results obtained. 


TABLE II. 


Blood Serum Cardiac and Cardiorenal Cases. 


* 


The term hydremia usually signifies dilution the blood; but 
when simple dilution occurs, the different protein elements the 
serum and plasma, which normally show definite quantitative rela- 
tions, must the diluted state retain their proportions. This, how- 
ever, not the case the above figures for the serum fractions 
show. The globulins are much less reduced amount than the 
albumin. fact, the relation the globulins the albumin ap- 


interval three days elapsed between the removal the two specimens 
blood. 


in 
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pears reversed compared with the normal; for the globulins con- 
stitute the major part the total protein (table II, cases and 35). 
This shows that simple dilution the blood cannot have taken 
place, and that some other factor has contributed this result. 
Just what this factor will explained later. 

Two other features the sera under consideration are inter- 
est. One that the incoagulable nitrogen well the chloride 
practically normal amount the first serum (No. 34); 
the second specimen, however, both values are considerably above 
the first, and hence, above normal. The second sample serum 
shows much higher ash content than the first. The increase 
noticed the amount total solids the second specimen, 
compared with the first, entirely the form ash (Nos. and 
35). the chloride content the second serum specimen 
higher than that the first, does not account for the rise the 
ash. large amount inorganic material other than chloride has 
therefore accumulated the blood within three days that elapsed 
between the removal the two specimens blood. The cause 
the increase the ash content may lie disturbed elimination 
these materials through the kidneys. The point which greatest 
importance, however, this case, the fact that large quantity 
inorganic material (including chlorides) evidently can accumu- 
late the blood, without causing corresponding retention 
for the other data (i. e., the protein) the sera show, 
further dilution the blood has not taken place, and the degree 
hydremia has not increased. 

The other that the sera from the other cardiac cases (Nos. 31, 
37, 42, 43, 51, and 58) also show points interest relation the 
protein and chloride content. The protein values are again below 
the minimum normal. assume here that dilution the 
blood has taken place the preceding cases (Nos. 19, 23, 33, and 
36) are again confronted with the fact that the globulins bear 
higher proportion the albumin than observed normal sera. 
The chloride content the serum also somewhat higher than that 
observed normally. These two facts indicate that simple dilution 
the blood cannot have taken place these cases. 

From the above findings seen that the sera from cardiac cases 
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show striking variations from the normal. From the analysis 
the blood sera, the cardiac cases are divisible into two groups: (1) 
One group which moderate dilution the blood true hydre- 
mia) takes place. the sera these cases the proteins retain their 
normal proportions. The hydremia may due retention 
water, possibly the result simple functional derangement the 
kidneys. (2) The other which the proteins the serum are 
moderately markedly reduced amount, the reduction affecting 
principally the albumin. The proportions the serum proteins may 
changed that the globulins preponderate. this group 
cases there accompanying edema some serous effusion. 
However, the change the quantitative relations the serum pro- 
teins not due simple dilution the blood, hydremia. 

Respiratory include cases polycythemia, 
emphysema, and pneumonia. They are grouped together because 
they have one feature common, namely, respiratory embarrass- 
ment, which, will shown, importance the production 
chemical changes the blood. 

the figures table indicate, the results are very much 
the same character those obtained the cardiac cases. The 
polycythemia and emphysema sera show protein content which 
approaches the upper normal. all them, however, the globulin 
fraction shows marked increase. The other data the three sera 
analyzed show little importance with the exception the increase 
the salt chloride content. 

the four sera from the pneumonia cases, the total protein con- 
tent within the normal range. one case (serum 41) which 
the total protein falls below five grams, the decrease may ac- 
counted for the large amount fibrin that was present the 
for, after separating the serum from the blood clot, second 
clot formed. This clot was very firm, and the serum separated from 
the thick fibrinous mass with difficulty. 

these sera, too, observe that the globulins give higher value 
than the albumin. The sera from the two cases diabetic pneu- 
monia (sera and 73) show relative increase the globulins 
well, although not the same extent the sera the uncom- 
plicated pneumonia cases. 
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The values for the incoagulable nitrogen fluctuate considerably. 
The amount chloride all the sera except one lower than that 
observed the cardiac sera. one instance (serum from case 
pneumonia diabetic) the chloride content unusually high. 
The ash content all the sera uniform and practically normal 
amount. 

Serum 27, from case typical pneumonia undetermined 
etiology (tuberculosis grippe), does not present values like those 
obtained the sera the lobar cases. The proportion the total 
globulin this serum the albumin below that found normal 
serum. This conformity with the results obtained Erben® 
the analysis sera from tuberculous cases. 

reviewing the results this group sera, find once more 
that the globulin-albumin ratios are very much disturbed. The 
globulins all but one case (serum 27) show marked relative 
increase. 

Cases Diabetes the three sera examined from 
this disease, two have already been presented the preceding 
group. The serum from the third case (table IV, serum 25) 
gave results closely resembling those the other two. increase 
the globulin content again seen, which somewhat greater than 
that observed the other instances. this case also, one 
the other sera (case 9), there marked increase the chloride 
content, reaching value 460 milligrams per 100 cubic centi- 
meters serum. The incoagulable nitrogen these three sera 
increased considerably over the normal amount. 

Nephritic this important group, twelve sera were 
examined. One serum from case diabetes insipidus classed 
under the head nephritic cases, inasmuch represents type 
renal disturbance. The twelve cases clinical nephritis can 
divided into three groups: (1) chronic parenchymatous, (2) 
chronic interstitial, (3) chronic mixed forms. Cases acute 
nephritis unfortunately have not come under observation. All but 
two sera examined were from very severe forms the disease, 
most the cases being accompanied symptoms uremia, that 


F., Ztschr. klin. Med., 1903, 450. 
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the changes observed the composition the sera may regarded 
representative the different types nephritis. 

The classification given above based clinical data and not 
pathological findings. The sense which the terms parenchymatous 
and interstitial are intended convey are sufficiently well under- 
stood not require explanation. the “mixed form” 
nephritis meant that clinical group cases which both the 
parenchymatous and the interstitial types nephritis are, 
certain extent, represented. contracted kidney with inter- 
current superimposed parenchymatous inflammation may give 
the clinical picture the mixed form nephritis. the other 
hand, the development interstitial changes kidneys affected 
with the parenchymatous form the disease may lead the same 
clinical result. 


Blood Serum Nephritis. 
Parenchymatous. 

Interstitial. 

Mixed. 

j | 
Diabetes insipidus. 


the sera from the cases parenchymatous nephritis, find 
amounts protein which fall below the normal minimum value. 
one instance (case 47) the reduction the total protein ex- 
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treme, reaching value about one third the normal amount. 
both cases, however, there marked relative increase the 
globulin content, and decrease the albumin fraction. The in- 
crease the globulins one case (serum both absolute and 
relative. This case and the one mentioned above (No. 47) present 
such remarkable variations from normal that they deserve special 
consideration. both instances the sera were greenish yellow 
hue and opalescent. The opalescence gave both sera chyliform 
appearance, not due free fat, but increase the lipoid con- 
tent present combination with the globulins. the total 
globulin not only constitutes the major part the serum protein 
(83.3 per cent.), but actually greater amount than that found 
any time normal serum. The albumin this serum, the 
other hand, diminished far below the normal, both relative and 
absolute amount. 

The incoagulable nitrogen this case also very high (0.280 
gram 100 cubic centimeters Unfortunately 
estimation the chloride content this instance could not made, 
because insufficient amount serum. 

the other case (serum 47) the total globulin practically 
normal amount, but comprises nearly the entire quantity (95 
per cent.) protein the serum. The amount albumin present 
small (0.133 gram per 100 c.c. serum), that prac- 
tically negligible. the preceding case (serum the inco- 
agulable nitrogen very much increased (0.235 gram per 100 
cubic centimeters serum), but the chloride shows absolutely 
variation from the normal. 

The ash this serum unusually high. This interest, espe- 
cially when compared with the value obtained the chloride esti- 
mation. This shows, already pointed out (page 723), that the 
mineral content the serum can become very much concentrated, 
although the relative amount chloride remains normal. 

Four blood sera were analyzed from the interstitial type 
nephritis. The results this series are fairly uniform and present 

the incoagulable nitrogen was derived from the lipoid nitrogen 


present the filtrate after coagulation the proteins. This filtrate retained 
some the opalescence observed the original serum. 
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totally different picture from the one obtained the analysis 
the sera the cases parenchymatous nephritis. The total 
amount protein these ranges within the normal limits; and the 
relation which the globulins bear the albumin and total protein 
also within the normal. There evidence whatever increase 
the globulin fraction; anything, there tendency .in these 
cases for the globulins fall below normal amount. 

The incoagulable nitrogen these sera increased considerably 
above normal, but does not attain high value that found 
either the two cases parenchymatous nephritis described above. 
The maximum value the incoagulable nitrogen found this 
series cases 0.256 gram, and the minimum 0.092 
gram per 100 cubic centimeters serum. 

The chloride content these sera varies marked degree. 
find here two sera with very high values for chloride, 0.420 and 
0.480 gram, and two with moderately low figures, namely 
0.340 and 0.362 gram per 100 cubic centimeters serum. 

The incoagulable and chloride contents not run paral- 
lel. one case (serum 16) which the incoagulable nitrogen 
extremely high, 0.256 gram, the chloride content very low, 
0.340 gram per 100 cubic centimeters. the other hand, sera 
and 57, which not show great increase incoagulable 
nitrogen case 16, show very marked increase the chlorides, 
0.426 and 0.480 gram per 100 cubic centimeters, respectively. 

The amount ash the two sera examined (Nos. and 49) 
below that found any the other cases. both these sera the 
chloride content also low. The significance this, however, will 
discussed connection with the influence the chemical com- 
position serum upon the production nephritis. 

the group mixed forms nephritis belong the remaining 
six sera the series given table The changes which can 
observed these sera resemble part those the cases par- 
enchymatous nephritis, and part those interstitial forms. 
the six sera, two present normal values for the total protein; the 
others, the proteins are somewhat diminished amount. But un- 
like the sera the interstitial type cases, the ratio the globulins 
the albumin considerably higher. This ratio, however, does 
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not attain the value obtained the series parenchymatous cases. 
respect the protein content, and the relation the fractions 
each other, the sera these cases stand between those the par- 
enchymatous and the interstitial forms nephritis. 

The other ingredients the serum also show variations which 
belong one the other group nephritic sera. These sera 
(cases 65, 48, and 39) show values 0.116, 0.151, and 0.133 
gram for incoagulable nitrogen, whereas the other three sera (cases 
55, 62, and 24) yield amounts 0.085, 0.085, and 0.073 gram, 
respectively. Similarly the chloride content these sera shows 
variations one the other direction, but there parallelism 
between the chloride values and those for the incoagulable nitrogen. 

some respects the results obtained the analyses the sera 
from the nephritic cases are distinctive. This especially true 
the quantitative changes the proteins the sera from the cases 
parenchymatous nephritis. The striking variations that these 
sera present this respect, compared with those the sera from 
the interstitial and mixed forms nephritis, are great signifi- 
cance for proper understanding the chemical pathology 
kidney disease. The chlorides and incoagulable nitrogen also show 
marked fluctuations, but they are not distinctive the different 
sera the changes that occur the protein quota. 

The serum from the case diabetes insipidus presents some very 
interesting features. The protein content normal upper 
normal. The ratio which the globulin bears the albumin, how- 
ever, relatively low. The globulin constitutes only per cent. 
the protein, percentage like that found the sera from the inter- 
stitial forms nephritis. The chloride and incoagulable nitrogen 
show very low values, much lower than the other sera examined. 
The peculiar results presented this serum are keeping with the 
character the disease itself. This will appear more clearly from 
the deductions drawn later concerning the relation which the 
composition the serum bears the clinical manifestation the 
disease. 

The serum from case achylia gastrica presents values which 
are normal every respect. Clinically this case showed very little 
abnormality apart from the gastric disturbance. 
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SUMMARY. 


The most striking feature observed this study the extensive 
variation the serum relation its proteins. was found that 
certain diseases the globulin fraction markedly increased, 
whereas the total protein the serum may normal, may fall 
far below normal amount. The diseases which increase 
the globulins takes place may grouped follows: (1) cardiac 
diseases associated with decompensation and serous effusions, 
pulmonary respiratory affections inflammatory non-inflam- 
matory origin (pneumonia, emphysema, polycythemia), (3) dia- 
betes mellitus, and (4) parenchymatous nephritis. 

the serum chronic parenchymatous nephritis the increase 
the globulin content most pronounced and may constitute nearly 
all the protein, much per cent. 

The globulin content serum normal diminished the 
following diseases: (1) simple achylia gastrica (short duration), 
(2) tuberculosis, (3) diabetes insipidus, and (4) chronic inter- 
stitial nephritis. 

Other ingredients the sera analyzed showed variations which 
cannot definitely but general way appears upon 
careful analysis that accumulation water and salt occurs 


those diseases which the globulin fraction the blood serum 
increased. 


THE DIFFERENCES THE EFFECTS STIMU- 
LATION THE TWO VAGUS NERVES RATE 
AND CONDUCTION THE DOG’S HEART.* 


ALFRED COHN, M.D. 


(From the Hospital The Rockefeller Institute for Medical Research, 
New York.) 


PLATES 69-76. 
INTRODUCTION AND HISTORICAL REVIEW. 


1869 Meyer (1) first observed differences between the right 
and left vagus nerves the tortoise regards their action the 
heart. Since that time many investigations concerning the func- 
tion the vagus nerves have been made, but the differences be- 
tween the action the two nerves have not been emphasized and 
have not been reported detail. 

Garrey (2), Robinson and Draper (3), and the present writer 
(4) only have considered that addition quantitative differ- 
ences obtained stimulation, essential qualitative differences 
the function the two nerves may exist, and have studied the 
subject vagus function from this point view. 

the present communication thé extensive literature dealing 
with the question vagus function reviewed order indi- 
cate what observations relating differences the action the 
two vagi have already been noted. Observations from which some 
comparison between the action the right and left vagus nerves 
may drawn have been made large number animals. 
fishes and amphibia the only differences that have been noted have 
been differences degree; stimulation one nerve has been said 
more effective than stimulation the other. Gaskell noted 
that frogs stimulation the left vagus caused blocking, but 
did not stimulate the right nerve and does not describe any differ- 
ence between the two nerves regards the production this 
phenomenon. 

reptiles (snake, tortoise, and crocodile) effect the 

Received for publication, June 18, 1912. 
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heart rate has been found follow stimulation the right nerve 
than stimulation the left. Gaskell suggested qualitative differ- 
ence between the two nerves and stated that the fibers 
supplying those muscular fibers the sinus, which their auto- 
matic contractions originate the rhythmical beats the heart, run 
almost exclusively the right vagus.” Unfortunately did not 
assign any definite functions the left vagus, and drew definite 
conclusions concerning differences function between the two 
nerves. Garrey, who described differences between the two nerves, 
ascribed each homolateral distribution and function. 
failed note, however, whether stimulation one the other 
vagus produced any effect the atrioventricular bundle, similar 
the effect produced the stimulation the left vagus nerve 
dogs described the present communication. birds con- 
stant differences between the action the two vagus nerves have 
been described. Only mammals have there been observed phe- 
nomena resulting from stimulation one the other the vagus 
nerves, which may interpreted definitely indicating functional 
differences between them. McWilliam (5), (6), 
Roy and Adami (7), Bayliss and Starling (8), Rehfisch (9), 
Hering (10), and Rothberger and Winterberg (11, 12) have all 
published curves have described phenomena occurring their 
experiments which indicate such differences and which may readily 
correlated with the observations made us. some in- 
stances the unusual effects noted these writers followed stimu- 
lation the left vagus nerves; other instances the nerve stim- 
ulated not mentioned. None these writers, however, have 
made careful study the exact nature the differences func- 
tion the two nerves. 

The following more detailed review the literature concern- 
ing these various 

studying the action the vagus eels McWilliam (13) found that 
“stimulation either the right the left vagus effective. And when pro- 


longed excitation one nerve fails keep the cardiac inhibition any longer, 
stimulation the other vagus usually causes further arrest the heart’s 


complete bibliography and review have not been attempted. Omissions 
have been made, but believed that the present state knowledge has been 
shown. 
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considered that “the ventricle not directly influenced stimula- 
tion the vagus since may arrested but still remain quite 

The vagus nerves frogs have been studied Gaskell (14), Hofmann (15), 
and Guyénot (16). Gaskell’s experiments the left vagus nerve was invariably 
stimulated. found that following vagus stimulation the ventricles “beat for 
time synchronously with every second auricular other words, 
obtained incomplete auriculoventricular dissociation. Hofmann (15) found 
that “the difference between the right and left vagi the same animal con- 
sists the fact that stimulation the right vagus often results the arrest 
the heart, while stimulation the left vagus, only weakening the 
These conclusions differ from those Gaskell that the latter 
considered that the left vagus has mainly dromotropic function, while 
Hofmann considered the inotropic function the nerve most important. 
Guyénot (16), while working Rana temporaria, Rana esculenta, and Bufo 
vulgaris, describes the action the two nerves follows: says that (a) 
“in certain number cases the right vagus stopped the heart, while the left 
increased diastolic dilatation and diminished the force the contractions with- 
out changing the number pulsations. other times the left was inactive, 
while the right did not alter the rate but increased diastolic dilatation, and left 
the systoles unchanged. The amplitude the beats was increased.” (b) 
stimulation one the other vagus nerve modified neither the 
number nor the force the heart beats.” (c) Stimulation the vagus nerve 
often had only accelerator hypertonic action. McWilliam (17) studied 
the vagi newts and found them somewhat different from those frogs. For 
says, Either vagus can arrest the whole heart, but the right vagus acts much 
more readily and powerfully upon the ventricle than the left vagus does.” The 
effect the left vagus the ventricle was not merely due blocking, for the 
ventricular muscle itself had lost its irritability. 

tortoise (Emys lutaria), Meyer (1) was able produce changes 
the pulsations the heart stimulating the left vagus, although could 
arrest the contractions the heart with current the same strength applied 
the right vagus. two small specimens from Venice also found differ- 
ences between the two nerves; for stimulation the left nerve them slowed 
but did not stop the heart. Later observations the turtle’s heart were made 
Gaskell (18, 19), Mills (20, 21), Kazem-Beck (22), Garrey (2), Kronecker 
(23), and Guyénot (24). The findings Gaskell agreed with those Meyer, 
for left vagus stimulation produced marked alteration force the auricular 
contractions, the effect sometimes being greater than that following stimulation 
the right vagus. his complete paper Gaskell’ (19) says his experiments 
Testudo graeca that stimulation the right vagus always brought the heart 
standstill, while stimulation the left nerve with current the same 
strength was less effectual. Even strong stimulus applied the left vagus did 


(13), loc. cit., 217. 
(13), loc. cit., 223. 
*McWilliam (13), loc. cit., 220. 
Gaskell (14), loc. cit., 
(15), loc. cit., 160. 
(19), loc. cit., 82. 
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not affect the rate. 21) showed that stimulation the right vagus 
nerve readily stopped the heart Emys lutaria, while stimulation the left 
nerve had influence Testudo graeca stimulation each vagus 
produced identical will seen that his results differ slightly from 
Meyer’s and entirely from those Gaskell. later paper Mills (21) 
reported” that effects stimulation the two vagi the Slider terrapin 
(Pseudemys rugosa) were exactly alike five cases, the right vagus was much 
more effective over the rhythm two and slightly more effective four cases, 
while the left nerve was without effect the rhythm two cases. con- 
cluded that the right vagus controls the rate better than the left, though some 
cases the reverse true. The left nerve sometimes had effect the heart, 
effect only its force. added which was corroborated 
later Garrey slightly modified form; e., that the vagi have homo- 
lateral but never crossed distribution. Kazem-Beck (22) 1888 was able 
arrest the heart Emys caspica seventy-five animals out seventy-seven.” 
the remaining two caused negative inotropic but chronotropic effect. 
stimulating the left vagus caused stoppage the heart forty-seven 
animals, negative inotropic effect ten, and effect twenty. Kronecker 
(23), working Testudo graeca, found that “very often only the right nerve 
was active and stimulation the left was without effect, just has been 
described Meyer. many other animals the activity both nerves was 
another tortoise, Cistudo europea, Guyénot (25) says his 
(1) Only the right pneumogastric acted the rate the heart. 
diminished the tone muscle diastole, but the force the systoles was 
not modified. (2) The left vagus did not act the rate. decreased the 
tone diastole and perhaps also systole, the force the latter being also 
diminished. (3) Exceptions these observations were found. Garrey (2) has 
recently shown that “the right vagus exerts chronotropic effect, well 
other effects, upon the right veins and produces quiescence the auricles and 
ventricles mainly through its chronotropic effect, rarely, with weak stimuli, the 
effect brought about production sino-auricular block, although these 
cases the inotropic and other effects are also apparent. But the left vagus 
decreases the excitability, conductivity, and contractility the auricles 
point which they fail respond the stimulus the pace-maker, thus 
impulses can pass through the 

Mills (26) studied the effects stimulation the two vagus nerves 
several varieties sea turtle and reported that these results 
with those reported for the terrapin will show great resemblance. far 
the larger number cases the right vagus has greater inhibitory power than the 


(20), loc. cit., 360. 

Mills (20), loc. cit., 

(21), loc. cit., 247. 

(22), loc. cit., 348. 
Kronecker (23), loc. cit., 215. 

(2), loc. cit., 341. 
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left, exceptions this, though few, sometimes occurring. the marine turtle 
case which the left vagus was wholly without effect the rhythm was 
added, would then explain the greater effect the right vagus, 
rule, the character the contraction wave, associated with the right 
part the sinus and its associated veins, and the fact that the nervous 
supply this seems chiefly from the right vagus, rather than any 
deficiency the kind and number the inhibitory fibers the left vagus; 
both may supply equal number such fibers, but the supply even 
partially unilateral, then the results follow have endeavored 

regard snakes (Genus tropidonotus), Mills (27) the following 
conclusions: “(1) case was either vagus without effect the rhythm 
the heart. every case actual showing, and, with sufficiently strong current, 
arrest followed stimulation. (2) the majority instances the right vagus 
was more efficient than the left. (3) very few cases both nerves seemed 
almost, not quite, equally influential over the heart’s And 
adds that the vagi the snake resemble those other cold blooded animals 
had examined. 

crocodiles Gaskell (28) found that “both right and left nerves caused 
absolute and long continued standstill even with weak 

Great variations the results are found the reports stimulation the 
vagi birds. (29) his experiment pigeons paid attention 
the differences between the effects stimulation the two nerves, but noted 
his curves the nerve that had been faradized each instance, and evi- 
dent that stimulation the right vagus with currents moderate strength 
affected the auricles and occasionally the ventricles, but the latter, arrested, 
sometimes escaped. Stimulation the right vagus with weak currents produced 
only negative inotropic effects the ventricle. Where the left vagus was 
stimulated, inotropic and negative chronotropic effects both auricles and 
ventricles were obtained. appears, therefore, that the ventricles sometimes 
were affected stimulation the right vagus and also, possibly more power- 
fully, stimulation the left (30) tables showing the 
effects stimulation the vagus nerves variety birds throw light 
the subject. For the purpose the present investigation, the observations 
are not useful, for many instances the two nerves were not compared the 
same animal. 

The action the two vagus nerves has been studied variety 
mammals. the horse Arloing and Tripier (31) found” that stimulation 
the left nerve caused stoppage equal the duration three pulsations; the 
pulse then continued beat with little more force than had existed before the 
stimulation; during the passage the current fifteen pulsations were counted. 
Stimulation the right nerve resulted stoppage equal six normal pulsa- 
tions, and when contractions reappeared they seemed have great force, but 
only seven were counted against fifteen during left vagus stimulation. 


Mills (26), loc. cit., 11. 

(26), loc. cit., 12. 

Gaskell (28), loc. cit., 22. 

Arloing and Tripier (31), loc. cit., experiment ix, 421. 
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short, stoppage was twice long when the right nerve was stimulated when 
the left was stimulated. The difference between the action the nerves was 
not absolutely constant. Sometimes the usual action was reversed, and 
example this described. Only quantitative difference between the two 
nerves was found. Dissections were carried out with the view studying the 
distribution the two nerves the heart. They found.that the right vagus 
supplied greater number fibers, and account this preponderance they 
explained the greater influence that the stimulation the right vagus has 
the heart. 

cats McWilliam (5) found that stimulation the inhibitory structures 
“the ventricles sometimes give only one beat response every second 
third auricular showed further that some cases there was ven- 
tricular standstill while the auricles went beating. “The excitability the 
ventricles, tested single induction shocks applied their surface, seemed 
unimpaired. Moreover, mere weakness the auricular beats would not account 
for the non-response the ventricles; for very much weaker auricular beats 
than those observed the above mentioned cases are quite sufficient, the un- 
inhibited heart, determine the occurrence responsive ventricular contrac- 
tions. The failure ventricular sequence was all probability due inter- 
ference with mechanism propagation quite different from the pressure 
changes caused the auricular beats.” Although observed phenomena like 
those described the present study arising from stimulation the left 
vagus, did not conclude that differences existed between the two vagi, but 
regarded them equally potent. 

dogs observations have been made numerous observers, Knoll (32), 
Arloing and Tripier (31), Pawlow (33), Roy and Adami (7), Bayliss and 
Starling (8), Einthoven (34, 35), Hering (10), Dogiel (36), and Rothberger and 
Winterberg (11, 12). 

Knoll (32) states that three his animals (one which was not 
curarized) “there was increase the rate the heart the height 
the blood pressure after the vagi were footnote adds, “In one 
case both appeared clearly after cutting one vagus, while cutting the second 
contributed added effect. Prof. Hering tells me, this happens often 
rabbits and dogs, and also stimulation one vagus given strength yields 
effect the heart unequal that the other, even all the conditions neces- 
sary have been observed. All this shows that mammals, too, the inhibitory 
fibers the heart are divided unequally between the two vagi.” 

Arloing and Tripier (31, 37) cut the medulla dog and that 
stimulation the left vagus nerve did not stop the heart, while under the same 
conditions, stimulation the right vagus led complete arrest followed 
slowing. The right nerve was more sensitive the action the current than 
the left. two other experiments the peripheral end the left nerve, the 
right nerve apparently being intact, was stimulated and the heart stopped for 
fifteen seconds, but contraction began again and thirty-eight them were 
counted during the remaining portion the period stimulation. Legros and 
Onimus (38) attempted show that the results stimulating the right and 


Arloing and Tripier (31), cit., experiment viii, 
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left pneumogastrics were too inconstant permit the conclusion Arloing and 
Tripier that differences exist between the two nerves. They based their con- 
clusions observations made rats, guinea pigs, dogs, rabbits, frogs, and 
tortoises. 

Pawlow (33) dealt chiefly with the results stimulating the large inner 
branch and other chest branches the right vagus nerve. 

Roy and Adami (7), their summary the action the vagus nerves the 
dog, that: (1) With relatively weak there slowing the 
rhythm but irregularity. (2) With stronger stimulation the independent 
ventricular rhythm shows itself, and this, interference with the ordinary 
auricular rhythm, usually leads irregularity the ventricles, and, any 
case, want complete codrdination between auricles and ventricles; other 
words, there physiological irregularity the heart. (3) With stronger 
vagus excitations the auricles have either ceased beat the impulses which 
pass from them the ventricles are too weak excite the latter contrac- 
tion, and the ventricles are left entirely contract their independent 
intrinsic mechanism, and are completely freed from the control the vagus, 
save that this nerve has still some control over their excitability.” These writers 
did not distinguish between the effects produced stimulating the two nerves. 

Bayliss and Starling (8) obtained results similar those Roy and Adami, 
and apparently they also regarded nerves having identical func- 
tions. their experiments the right nerve apparently remained intact and the 
left one was cut. They stimulated with strong currents, and that the 
auricles had entirely ceased beating and that the ventricles were beating with 
their own proper rhythm.” They consider possible that excitatory process 
may occur the auricle and may transmitted thence the ventricle without 
causing any appreciable (i. registrable) contraction the auricle itself.” 
Further their paper they made the that stimulation the 
vagus can cause incomplete heart-block when the ventricles respond every 
now and then auricular beat.” 

Einthoven (34, 35) studied with the string galvanometer the results stimu- 
lating the vagus nerves. his first paper (34) has reproduced curve 
right vagus stimulation (figure 33) and another curve (figure 34) which 
resembles those have obtained following stimulation the left nerve, but 
does not mention which nerve was stimulated. later paper (35) added 
further data the differences between the two nerves. 

Hering (10) has published curves (figures and showing ventricular 
silences following vagus stimulation; that is, there was incomplete heart-block, 
usually the ratio 2:1. One his curves (figure indicates the occurrence 
high degree block, but this occurred only when the left vagus nerve was 
stimulated. 

Dogiel (36) states “many physiologists have called attention the 
fact that stimulation the right vagus has not the same effect the heart 


and Adami (7), loc. cit., 237. 

the vagus nerve the dog. 

Bayliss and Starling (8), loc. cit., 410. 
Bayliss and Starling (8), cit., 412. 
Dogiel (36), loc. cit., 122. 
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action stimulation the left, result due part the strength and dura- 
tion the stimulus.” 

Rothberger and Winterberg (11), one experiment which they have de- 
scribed detail, observed™ that “the effect simple stimulation the two 
vagi differed far that stimulation the right caused complete stoppage, 
while stimulation the left vagus caused only slowing the auricular con- 
tractions with complete cessation the ventricular (figure b).” Their com- 
ment the result obtained this experiment that “exceptionally the 
inhibitory nerves for the sinus node pass exclusively the right, for the 
atrioventricular groove, the other hand, the left vagus.” And finally they 
state,” “Inhibitory fibers for the left auricle and the atrioventricular groove are 
usually divided that inhibitory effects can obtained stimulating either 
vagus. Only few cases only negative chronotropic fibers for the primary 
pace-maker pass the right vagus.” 

(6) that has seen that “stimulation the vagus 
nerve can suppress ventricular while auricular contractions continue. bring 
about this result induced currents were used, weak enough not cause complete 
arrest the whole heart. These stimuli, for slowed the ventricular 
beats five, while they caused the auricles lose only two systoles five. 
Three auricular beats occurred then during long ventricular pause.” The 
result like that due stimulation the left vagus, which described 
this paper. 

Hunt and Harrington (39) were able produce incomplete heart-block 
the calf stimulation the vagus nerve, but they fail mention which one 
was used. 

Before the publication the work Mills and Garrey, Masoin (40) 1872 


seems have been the only experimenter who had insisted that this question 


difference between the vagi involved that the essential asymmetry the body 
far the vagus nerves are concerned. his experiments rabbits 
found that stimulation the right nerve was more effectual slowing the rate 
the heart than stimulation the left. states, however, that the two 
nerves have special sphere action and denied the existence qualitative 
differences between them. 

The vagus nerves rabbits have been studied Langendorff (41), Johans- 
son and Tigerstedt (42), and Rehfisch (9). Langendorff (41) experimented 
sixteen rabbits. three animals stimulation each vagus had equal 
effect the heart; three animals the right vagus was more effectual; 
eight, the left; and two sometimes one and sometimes the other was more 
effectual. The difference effect the two nerves was determined the 
degree slowing produced. Johansson and Tigerstedt (42) working rabbits 
confirmed the work McWilliam (5) cats. They stimulated only the left 
vagus nerve and did not register the auricular contractions. They found that 
weak currents only slowed the ventricles (and the auricles), but that currents 


and Winterberg (11), loc. cit., 356. 
and Winterberg (11), Joc. cit., 361. 
Rothberger and Winterberg (11), loc. cit., 372. 
Francois-Franck (6), cit., 403. 
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increasing strength not only slowed but decreased the strength ventricular 
contractions until they ceased beat. Rehfisch (9) that fifth effect 
vagus stimulation* single succession ventricular silences, while the 
auricles continue beat (see figure 5).” Two explanations were offered for 
this phenomenon. The first explanation, that was the result negative 
dromotropic effects the A-V bundle, was rejected because there was delay 
the As-Vs interval, either the cycles which preceded the cycles which 
followed the ventricular silence. favored second explanation; namely, that 
there was either diminished strength the conduction impulse diminished 
irritability the ventricular the A-V systems. 

guinea pigs Harrington (43) both vagi always efficient and 
case was able discover any greater efficiency one than the 
other nerve. 

The action the two vagus nerves the human subject has also been inves- 
tigated. The method investigation has consisted exercising digital pressure 
along the course the intact nerve the neck. This method was described 
Czermak 1865 and its value demonstrated repeatedly since then. 
This method was employed Robinson and Draper (3) comparison the 
action the two nerves man, and they found that differences similar those 
about described this paper could elicited. must stated that the 
method uncertain, and uniform results cannot always expected. 


METHODS. 


this investigation only dogs medium size were used, weighing usually 
from kilos; few weighed from kilos. The dogs were first 
anesthetized with ether the ordinary way; other drugs were used. When 
complete anesthesia had been established, catheter was introduced through the 
mouth, larynx, and trachea, after the manner described Meltzer and Auer, 
and through this air and ether, regulated quantities, were administered. The 
pressure the tube just before entered the mouth was read mercury 
manometer which was connected with the catheter side arm. pressure 
about mm. mercury was maintained. When the chest was opened, 
the animal was well anesthetized, the lungs appeared semicollapsed condi- 
tion, but they evidently contained sufficient air, for even after operations lasting 
four five hours the animals were excellent condition. The fact that the 
lungs were collapsed and practically motionless facilitated the use suspension 
apparatus register the motion both auricles and ventricles. This was 
accomplished the usual way means hooks from the right auricle and 
right left ventricle, means Roy and Adami myocardiographs leading 
two receiving tambours, which were connected with writing tambours air 
transmission. The writing tambours were four number, two arranged 
write Reickert kymograph and two hung before the shutter photograph 
box. One pair the other could set motion opening and closing stop- 
cocks two tubes (text-figure 1), placed, one each, the transmitting tubes 


(9), loc. cit., 170. 
Single induction shocks were used. 
(43), loc. cit., 303. 
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Text-Fic. the dog with the recording apparatus shown. 
The auricles, ventricles, two vagus nerves, right fore, and left hind leg are 
indicated. Registration the kymograph effected when the stop-cocks 
are closed and the stop-cocks are opened, and when the double throw-switch 
thrown the right. Right and left vagi are stimulated according whether 
double throw-switch thrown right left. Registration effected 
sensitive paper behind the the photograph box, when stop-cocks 
are shut and stop-cocks are opened and when the double throw-switch 
thrown the left. Keys the circuit which stimulation the 
nerves effected. signal, indicates the duration the stimulus. and 
represent the tambours registering the motions the auricle and ventricle, one 
each before the shutter and before the kymograph. time-marker recording 
one half seconds was employed for the kymograph; two time-markers recording 
0.02 second interruptions made tuning fork and 0.2 second made 
Jacquet clock were employed for the photographic records. The right fore 
and the left hind leg are shown connected with the string, ST, the 
galvanometer. 
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from auricles and ventricles. the kymograph, besides the motions auricles 
and ventricles, was written the time one half seconds and the record faradic 
stimulation signal connection with the primary coil Harvard induc- 
torium. The primary coil was supplied dry cell, known always have 
potential two volts and amperage not below twelve. number 
experiments the beginning the suspension methods alone were used. Later 
curves were made with string galvanometer (Edelmann’s larger model). 
means the device already mentioned, the tambours hung before the shutter 
the photograph box could set motion, and the shadows thrown their 
writing points were photographed sensitive paper together with the oscilla- 
tions the galvanometer string. many experiments only galvanometric 
records were obtained. Three kinds electrodes were used connect the 
dogs with the galvanometer. first those devised Gotch for taking direct 
leads from the heart were employed. Although electrodes this form may 
attain much flexibility and usually follow the motions the heart well, they 
were soon discarded for two reasons. First, the rapid motions the hearts 
dogs make very difficult for the worsted threads maintain satisfactory 
contacts with the surface the uninjured heart, and owing these motions 
distortions the curves frequently occurred and sometimes interfered with 
their interpretation. the second place, the curves thus obtained differed 
much, both size and shape, from those with which are familiar that their 
interpretation was difficult. The second form electrode used was that rec- 
ommended Einthoven for dogs. The legs were wrapped with gauze satu- 
rated with salt solution, the end the gauze lying vessel salt solution. 
this solution porous vessel containing zinc sulphate solution was placed. 
From zinc plate the latter solution, copper wires led the galvanometer. 
The third form electrode used was the simplest. consisted plates 
German silver wrapped both sides with felt cotton saturated with salt solu- 
tion. These were placed around the legs the animal. Binding posts soldered 
into the German silver plate formed the point connection between the elec- 
trodes and the galvanometer. The second lead (right fore leg and left hind leg) 
was used all these experiments. Curves have been obtained with the chest 
unopened and also opened, and direct and indirect leads. may stated 
that for the purposes this investigation the results did not differ with the 
different methods. 

The greatest amount information was obtained when the galvanometric 
and the suspension methods were combined. The diminution the muscular 
activity the heart which takes place during stimulation the vagus nerves 
frequently great that inspection suspension curves curves 
muscular shortening leads the belief that all cardiac activity has ceased. 
During such periods, however, quite apparent that cardiac activity may, and 
fact does often continue and causes distinct and sometimes large oscillations 
the string the galvanometer. Without electrical tracings certain the 
experiments this series would not have yielded the results which are now 
presented, and some the general rules deduced could not otherwise stated. 
account the relatively slight value, therefore, suspension curves and 
account the complications due extensive operation the chest, the 
results number the experiments are based galvanometric curves only. 
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The experiments which only suspension curves were obtained which 
the galvanometric curves were unsatisfactory have been discarded. 

The curves made the oscillations the galvanometer string were photo- 
graphed directly bromide paper. Above the curves showing the movements 
the galvanometer string there were photographed the movements the tam- 
bour levers recording auricular and ventricular contractions, and below it, first 
signal indicating the period stimulation the vagus nerve, then the rapid 
motions tuning fork, double motion which equals 0.02 second, 
and finally curve the peaks which show the movements the lever 
Jacquet clock 0.2 second apart. Whenever possible, both methods mark- 
ing time were employed facilitate subsequent measuring. The photographed 
curves then show from above downward the curves the auricular and (2) 
ventricular contraction, (3) the curve the galvanometer string, (4) the 
stimulation signal, (5) time curve 0.02 second, and (6) time curve 
0.2 second. 

every experiment both vagosympathetic nerves were dissected without 
injury, this was possible, and each was laid and secured shield 
electrode. prevent spread the stimulating current the nerves and shield 
electrodes were surrounded rubber membrane which was kept dry laying 
pad gauze placed the groove occupied the carotid sheath. The 
muscles and skin were then drawn over the nerves. most instances spread 
the current was satisfactorily prevented and the nerves remained func- 
tional activity throughout the period the operation. 

Curves were always taken either the kymograph photographically 
before opening the chest and also when the chest was opened and before section 
the vagus nerves. Sometimes curves were taken before and after the section 
each vagus nerve. number curves were usually taken showing the 
effects the heart faradic stimulation each vagus nerve. The curves were 
taken that they included the heart action before stimulation, well that 
during the entire period stimulation, and they were continued until the heart 
returned condition approximately the same that before stimulation. The 
first portion each curve serves control. 

The strength the stimulating current was usually the same. One two volt 
cell fed the primary coil the inductorium and the secondary coil was almost 
all the experiments placed fifty millimeters from the primary coil. Exceptions 
this rule are noted where they occurred. given case the conditions 
stimulation throughout the experiment were kept constant, that inequalities 
from this source cannot held responsible for the differences effect which 
have been observed. conceivable that, were the strengths the current 
used the two sides varied, identical results stimulation might have been 
obtained. believed, however, that enough evidence hand show that 
such would not the case. report bearing this point will made later. 


RESULTS, 


the course this investigation fifty-four experiments were performed. 
Differences the action the two nerves were found forty-eight (88 per 
cent.) the dogs. Stimulation the right vagus nerve arrested all portions 
the heart fifty-one experiments. These observations not differ from 
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those with which are familiar. most instances arrest the whole heart, 
after latent period 0.4 second, was maintained throughout the period 
stimulation, the duration which was sometimes ten seconds, but usually 
five eight seconds. Occasionally, however, the auricles and also the ventricles, 
after having been arrested, escaped from inhibitory control (nine experiments). 
When the ventricular complexes the cycles which escaped were normal, that 
say, when they were identical with those recorded before the beginning 
stimulation, they were preceded auricular contractions, evidenced the 
presence waves. these cases the whole heart its pace-maker escaped 
inhibition. But there were other cases which, during stimulation the right 
vagus nerve, ventricular complexes appeared which differed from those seen 
before the beginning stimulation (experiment 639). These differences were 
not differences degree, they were differences When these complexes 
occurred during stimulation the right vagus nerve, waves representing auricu- 
lar contractions were absent. the end the period stimulation, some- 
times before the end, when the pace-maker resumed its function, the abnormal 
ventricular complexes gave way normal ones; the usual As-Vs sequence was 
restored. These abnormal complexes have been interpreted their configura- 
tion representing cardiac contractions originating some infra-auricular 
portion the heart, either the right the left ventricular muscle. Such 
complexes are seen certain forms poisoning when the pace the heart 
determined the ventricular contractions. They are evidence increased irri- 
tability the muscle the ventricles and appear when idioventricular con- 
tractions due the increased irritability the muscle occur during the period 
stimulation. questionable whether the occurrence abnormal ventricular 
complexes, representing new form cardiac activity, should considered 
evidence that the ventricular muscle has escaped from the inhibitory control 
the vagus nerve. is, the contrary, doubtful whether ectopic ventricular 
contractions can ever subject inhibitory action.* From these experiments 
may asserted that stimulation the right vagus nerve causes arrest 
rarely only slowing the whole heart. the latter event the whole heart beats 
normal (nomotopic) fashion. apparent that the movements the 
auricles and the ventricles had been registered the suspension method alone, 
the nature the idioventricular contractions could not have been determined. 
experiments others which ventricular contractions during right vagus 
stimulation have been registered the suspension method, these contractions 
have been considered indicate failure vagus inhibition the ventricles. 
Possibly they belong the group which has just been discussed. 

Stimulation the left vagus nerve the majority cases did not stop the 
heart. The heart continued contract, but some form disorder the 
sequence contraction took place. addition diminution rate occurred. 
Both effects were constant. The latter effect may regarded quantitative 
difference the action the left vagus from that the right, but the former 
did not occur when the right vagus was stimulated and indicates qualitative 
difference. Further attention has not been paid this study the negative 


not possible within the limits this paper discuss purely electro- 
cardiographic phenomena. believed that interpretation the latter has 
been sufficiently established permit conclusions drawn from them. 

Experiments dealing with this phase the subject are progress. 
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chronotropic action the left vagus. The nature this action still obscure. 
The present study deals mainly with the dromotropic effects stimulation. 

The hearts all dogs that were experimented upon were not influenced 
the same extent stimulation the left vagus nerve, but whenever the normal 
rhythm was changed, the change which occurred was always the same char- 
acter and varied degree only. useful divide the experiments into 
groups which exhibit effects ranging from the simplest the more complicated. 

the first group (table which are included eight experiments, stimu- 
lation the left vagus nerve, aside from slowing the heart, caused only delay 
the time conduction from auricles ventricles. There was disturb- 
ance the auriculo-ventricular sequence, there was change the form 
the ventricular complex. Changes the As-Vs conduction time also some- 
times occurred during stimulation the right vagus, but they were never 
marked constant those resulting from left vagus stimulation and 
occurred only isolated escaped cycles, for one two cycles after the 
cessation stimulation. Moreover, these slight disturbances conduction fol- 
lowing right vagus stimulation were associated with other phenomena charac- 
teristic right vagus stimulation. The first group, therefore, comprises those 
experiments which stimulation the right vagus nerve arrested the motions 
the heart, while stimulation the left merely slowed them and caused 
marked delay the time conduction. 

The second group includes twenty-four experiments which left vagus 
stimulation some auricular contractions failed inaugurate ventricular beats. 
most instances ventricular contraction followed every second auricular 
contraction, but occasionally three, four, more auricular beats occurred 
before ventricular contraction occurred. Sometimes these forms were combined 
and occasionally during stretch one another form normal As-Vs cycle 
was interposed. Stimulation the right vagus nerve arrested the motions 
the heart usual. 

the third group, which are included twenty-four experiments, the heart 
behaved the usual way when the right vagus nerve was stimulated, but when 
the left vagus was stimulated, nomotopic ventricular contractions ceased entirely, 
while auricular contractions continued, though slower rate. The mech- 
anism ventricular asystole these cases difficult explain present, 
except the assumption that the ability the structures the A-V system 
conduct impulses was enormously depressed and that the irritability the 
ventricles was not sufficient for them develop rhythm their own, least 
within the time occupied stimulation. certain cases (experiment 639) 
during stimulation the left vagus, ectopic ventricular contractions occurred 
complete dissociation from the slowed auricular beats. must assumed 
that these instances the irritability the ventricular muscle was sufficiently 
great initiate independent rhythm during the period stimulation. 
some cases only few contractions, representing the beginning independent 
ventricular rhythm, occurred during stimulation. 


DESCRIPTION CURVES. 


Stimulation the right vagus nerve the greater number (fifty-one) 
experiments arrested all portions the heart. Figure experiment 673, illus- 
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trates this effect. The stimulus lasted for 6.5 seconds. The whole heart ceased 
beat during the period stimulation and for about 1.2 seconds longer. The 
latent period was 0.4 second, about equal the duration cardiac cycle. 
The As-Vs (P-R) interval before stimulation equalled 0.09 second, and for 
the first four cycles after stimulation lengthened 0.1, 0.11, 0.12 and 
second. The wave was small first, but later became diphasic. This phe- 
nomenon has been described Einthoven. 

Numerous differences detail from the curve (figure which has been 
taken characteristic the result right vagus stimulation were noticed. 
Occasionally the P-R interval remained unchanged after the cessation the 
stimulus, while some experiments lengthened much 0.05 second. 
other instances, auricular contraction, that say wave, not 
followed ventricular contraction, occurred after the stimulus began 
effectual. instance this shown figure experiment 666. the 
same curve two complete cycles appear during stimulation the right vagus 
nerve, and between the two blocked auricular contraction, P’, seen. The 
appearance blocked auricular systole this situation during stimulation was 
relatively rare. The P-R intervals lengthened during the period stimulation 
from 0.1 0.12 and 0.14, but afterward they fell again 0.11 and 
second. blocked auricular systole, P’, shown figure experiment 666, 
but here occurs after the cessation stimulation following the first returning 
cardiac cycle. blocked auricular systole this situation was not infrequent. 
slight increase (0.1 0.12) the P-R time occurs this curve. After 
stimulation the waves increased size. 

has been mentioned that during stimulation the right vagus nerve, the 
ventricles sometimes continued contract, although the auricles had ceased. 
When this occurred, the origin the ventricular contractions 
These escaped ventricular contractions differ, therefore, from the ventricular 
contraction seen figure Sometimes only few ventricular contractions 
appeared, but occasionally relatively rapid idioventricular rhythm arose. 
figure for instance, experiment 659, only two ectopic ventricular contractions 
escaped irregular intervals during period stimulation lasting 6.5 seconds, 
The complexes correspond contractions originating the right ventricle. 
This curve shows again the occurrence blocked wave after the beginning 
effective stimulation, and also blocked waves after the end stimula- 
tion. The increase the P-R time the first returning cycle increased more 
than was usual, 0.1 0.18 second. figure experiment 661; ectopic ven- 
tricular complexes appear, the result this instance contractions arising the 
wall the left ventricle. These occur fairly regular intervals and develop 
rapid rate, sixty per minute. evidence auricular contraction can 
seen during the period stimulation, but its cessation, three waves appear 
before nomotopic ventricular complex occurs. The P-R time slightly 
increased, 0.11 0.14 second. The waves have tendency diphasic. 
not quite clear why the first returning wave fails followed 
nomotopic wave. The explanation probably found the fact that 
conductivity was much depressed and the impulse reached the ventricular muscle 
after the ectopic pace-maker had discharged its stimulus, and found the 
ventricle refractory. figure experiment precisely similar events are 
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shown figure the difference between the two consisting the fact that 
the ventricular complexes originated the right ventricle and beat rate 
92.4 per minute. 

effect which resulted from stimulating the right vagus and which was seen 
only once this series experiments (experiment 625) consisted un- 
usual slowing both auricles and ventricles. They were slowed not the usual 
way which the sequence contraction maintained, but for three cycles 
during the period the waves fell between the and waves. 
The R-P interval was too short permit the interpretation that reversal (Vs- 
As) the normal rhythm had probably occurred; the unusual sequences prob- 
ably resulted rather from the fact that both auricles and ventricles received their 
impulses from the junctional tissues lying between them and the course the 
stimulus flowed upward and downward each. Direct leads were used this 
experiment that deductions are not drawn from the form complexes found, 
although the form the wave was altered during the period stimulation. 

The simplest effects stimulating the left vagus nerve are seen figure 


experiment 662. During period stimulation lasting 7.8 seconds 


occurred, first, reduction rate from 135 114.2 beats per minute, and then, 
increase the time conduction from auricle ventricle (P-R interval) 
from 0.24 second. The P-R time lengthened general from the 
beginning the end stimulation. Toward the end stimulation, the 
waves tended become diphasic, effect noticed also stimulating the 
right vagus nerve. small positive wave before and immediately connected 
with the wave also appeared during the time stimulation. The split wave 
has been noticed® Hering (10). view the general dissociative effects 
described this study resulting from stimulation the left vagus nerve, 
some degree contributory evidence lent Hering’s surmise that this wave 
represents succession the contraction the right and left auricles. 
noticed that the effect the stimulus lasted more than 3.5 seconds after its 
cessation. 

more complicated effect which results from left vagus stimulation illus- 
trated figure and experiment 666. The rate the whole heart was 
reduced from 173.6 113.2. The slowing was progressive, can demonstrated 
the increased time between the auricular contractions, the P-P waves. Before 
the application the stimulus, this interval was 0.35 second, but 
gradually lengthened 0.55 second. About two seconds after the end 
stimulation the P-P interval was normal again. further effect consists the 
occurrence blocked auricular contractions (P’) during the period stimula- 
tion. figure and six blocked waves are seen. The P-R interval 
this curve, digitalis poisoning, gradually increased until auricular wave 
(P’) failed followed wave. Progressive increase P-R time 
this nature occurred the first three groups cardiac cycles, but the fourth 
the progression was not uniform 0.15, 0.14, 0.17, and 0.14 second). 
the length the stimulation increased, all the waves became diphasic. 

Finally the most marked effect that seen the result stimulating the 
left vagus nerve illustrated figure experiment 673. During period 
stimulation lasting 7.2 seconds, the auricular contractions continued uninter- 


Hering (10), loc. cit., 158. 
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ruptedly, but the rate was reduced from 176.64 79.56 per minute. The 
ventricular contractions, however, ceased for nine seconds; that say, through- 
out the period stimulation and for some time after it. The first ventricular 
contraction return after the end the stimulus did two seconds after 
stimulation had ended and 0.12 second after the preceding wave. The 
which follows the ventricular beat was blocked, but the sequential contractions 
the heart were then resumed. The P-R interval became longer, 0.14 
second, than had been before stimulation, but gradually returned normal. 
The waves increased size from six eight millimeters for six cycles and 
then suddenly returned the original height. The curve also shows that during 
stimulation seven possibly eight waves can identified the suspension 
curve the right auricle. These become progressively smaller 
disappear. The corresponding waves the electrocardiogram, the 
contrary, become little larger near the end stimulation and can, fact, 
identified without difficulty. this gradual disappearance the waves the 
suspension curve, while the electrical ones remain, which made necessary 
discard those experiments which only the former were made. 

Another example this degree effect left vagus stimulation seen 
figure 10, and experiment 667. Except for the preliminary arrest the 
auricular (2.3 seconds), well the ventricular contractions, the results 
stimulating the left vagus were similar those seen figure The auricular 
rate was about 96. After the cessation stimulation, its effect continued 
form previously described. first one ventricular contraction took place long 
(0.48 second) after the auricular beat preceding it. This ventricular beat was 
probably ectopic, especially since its size greater than that the other com- 
plexes. ventricular beat did not appear again until five more auricular con- 
tractions had occurred. succession sixteen ventricular contractions followed 
this one, each preceded two auricular beats, producing incomplete heart-block 
ratio 2:1. One sequential cycle and another ventricular contraction 
following two auricular systoles followed, when the normal rhythm was finally 
resumed. The P-R interval was 0.12 second before stimulation; reached 
0.2 second during the period incomplete block, and twenty seconds after 
stimulation was still 0.16 second. great after effect, lasting long 
period, was observed only this experiment. 

the experiments just described, complete ventricular asystole was present 
throughout the period stimulation. But number experiments, ventric- 
ular quiescence did not take place. Normal ventricular complexes disappeared 
and one must conclude that normal ventricular contractions had ceased. The 
complexes representing the ventricular beats which continued have the form 
those arising the wall the right the left ventricles, and are assumed 
ectopic origin. They were the result idioventricular rhythm arising 
because impulses failed reach the ventricles account the depression 
conductivity the auriculoventricular system during stimulation the left 
vagus nerve. far the ventricles under these circumstances did not 
receive supraventricular impulses, they are comparable experiments 
auriculoventricular Figure 11, experiment 639, illustrates this reaction 


The relation the two vagus nerves heart-block after has been estab- 
lished not discussed the present communication. 
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stimulation the left vagus nerve. The stimulus lasted 6.3 seconds. During 
this time the auricular beats continued rate about 127. The usual ven- 
tricular complexes changed new form, which was maintained during stimu- 
lation and for one second afterwards. One second was about the average 
length time that the effect continued after stimulation had ceased. The 
rate the ectopic ventricular beats was about 86. The curve shows that when 
the ventricular contractions were ectopic, they occurred complete dissociation 
from those the auricles. Suspension curves alone would only have disclosed 
the fact that dissociation between auricular and ventricular contractions had 
taken place. But the electrical curves make clear that dissociation the usual 
sense did not occur, for that event the form the ventricular complexes 
would not have been altered. explanation why they are changed difficult 
and the hypothesis which follows offered tentatively. cases clinical 
heart-block the anatomical lesion, which the cause the block, usually involves 
only short portion the main stem the conduction bundle; the right and 
left branches are normal, and are left continuity with the ventricular muscle. 
The ventricular muscle continues receive impulses contraction propagated 
apparently over the usual course provided the two branches. But there 
are cases, both clinical and experimental, published Eppinger and Rothberger 
(44), Eppinger and Stoerck (45), and Cohn and Lewis,” which lesions 
the branches the bundle rather than the main stem have been demonstrated. 
such cases, propagation the impulse over the normal pathway obviously 
impossible and some abnormality stimulus production and stimulus distribu- 
tion must occur. Electrocardiograms taken from these cases have shown the 
ventricular complexes characteristic contractions arising the right 
left ventricle. with these clinical cases that experiments like those illus- 
trated figure must compared. assumed that inhibitory fibers, 
derived from the vagus nerves, are distributed the auriculoventricular bundle, 
they are probably distributed its branches. The work Engel (46), follow- 
ing that Wilson (47), showing that nerve fibers are present the branches 
makes this assumption more probable. Then stimulation the left vagus 
nerve produces effect the main stem the bundle, follows that the 
effect probably continued downward along its branches. this view the 
distribution and function the vagus nerves correct, stimulation the left 
nerve may depress the conductivity the muscle the main stem and branches 
the A-V system degree great that the ventricular muscle will receive 
impulses conveyed them. The ventricular muscle then reduced 
condition directly comparable with that those cases which structural lesions 
the branches the A-V system have been demonstrated and which the 
ventricular muscle was obliged originate stimuli, originate them all, 
atypical fashion and distribute the stimuli over unusual paths yielding 
electrical curves atypical form. probable that the mechanism suggested 
explains the occurrence the atypical form the curves this group 
experiments. 

Kahn (48) had previously demonstrated the automatic ventricular 


This case published forthcoming number Heart. References 
electrocardiograms this patient can found Lewis, Thomas, Mechanism 
the Heart-Beat, London, 237. 

Kahn (48), loc. cit., 633. 
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contractions which develop during artificial stimulation the vagus are accom- 
panied atypical electrical curves.” states that disso- 
ciation man, section the A-V bundle its branches the dog have 
shown the investigations which have been made the present time that 
automatic ventricular contractions are expressed the form typical electro- 
cardiograms. dogs, the contrary, dissociation caused stimulation the 
vagus nerve accompanied atypical electrocardiograms, while cases 
poisoning, both atypical and typical forms are found.” did not realize, how- 
ever, that the phenomenon was describing occurred only with stimulation 
the left vagus. Kraus and Nicolai (49) and also Rothberger and Winterberg 
(11) have reported observations like those Kahn. The latter have explained 
the ectopic ventricular contractions during vagus stimulation due mechan- 
ical cause, such the filling the ventricular cavities. 

has been stated that when stimulation the left vagus nerve causes ven- 
tricular asystole, presumably depressing the power the A-V system 
conduct impulses, independent rhythm will initiated, depending upon the 
degree irritability some portion the ventricular muscle. The degree 
irritability may great that ventricular rhythm established practically 
immediately within very short time. the other hand, the degree irri- 
tability may low that the development idioventricular rhythm may 
delayed until the stoppage has continued for some time. The occurrence 
stoppage with the gradual development idioventricular rhythm has been 
studied connection with the subject experimental heart-block. Figures 
and 11, and show degrees irritability the ventricular muscle meas- 
ured the length time required establish independent ventricular 
rhythm. figure 10, and independent ventricular contraction did not 
occur until 8.3 seconds after the beginning; that say, 0.6 second after 
the cessation stimulation. None followed after that for about 2.3 seconds, 
the second one being response auricular contraction, the depression 
conductivity the meanwhile having been relieved. figure there was prac- 
tically stoppage. figure 12, experiment 644, intermediate condition 
seen. Stoppage ventricular contractions lasted 2.4 seconds and the second 
beat followed the first after interval three seconds. These were both 
ectopic beats and they arose the wall the right ventricle. Ectopic beats 
may also arise the left well the right ventricle; another curve taken 
during this experiment there were, fact, three idioventricular contractions 
which arose the left ventricle. 

combination the effects described was sometimes seen, experiment 
661 Stimulation the left vagus arrested the contractions 
both auricles and ventricles. Independent ventricular contractions were estab- 
lished before the auricular muscle escaped from the first effects stimulation. The 
efficiency the stimulus rapidly decreased and sequential contractions occurred, 
reduced rate but with prolonged P-R (0.1 0.14-0.17) interval. this 
dog, two varieties effect due stimulating the left vagus nerve were obtained. 
other dogs, successive stimulations this nerve resulted effects first 
one kind and later another. experiment 666, the first stimulation the 
left vagus produced merely increase the length the P-R interval. 
second stimulation caused the heart beat two one rhythm, while third 
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stimulation produced quiescence the ventricular contractions, during which 
the auricular muscle continued contract. Between the first and second stimu- 
lations nine seconds elapsed and between the second and third, six seconds. 
Seven other experiments (table occurred this series which more than 
one the varieties effects resulting from left vagus stimulation were 
obtained. these cases the maximum effect was not always obtained the first 
time the nerve was stimulated. 

two experiments (Nos. 633 and 649) the reverse the effects usually 
obtained were seen. experiment 633, right vagus stimulation caused nomotopic 
ventricular contractions cease, while the auricles continued beat; few 
ectopic ventricular contractions occurred. The left vagus this case stopped 
the whole heart. experiment 649, stimulation the right vagus nerve pro- 
duced two one block, while left vagus stimulation produced the effect usually 
brought about stimulating the right nerve. 

single instance, experiment 662, was found which stimulation the 
left vagus nerve produced long periods rest between groups cardiac cycles, 
between successive single cycles, and between single cycle and group cycles 
(figure 14, and B). Each period rest occupied length time that was 
approximately multiple the time occupied single cycle. The average 
duration the single cycles during stimulation was 0.5 0.54 second; the 
periods rest occupied 1.96, 1.6, 1.05, 1.6, and 1.57 seconds, each approximately 
four, three, two times long the duration the single cycles. Later the 
curve the single cycles occupied 0.57 0.68 second, and the periods rest, 
0.99 1.67; these were again approximately multiples the former. The fact 
that the periods rest appear multiples the single cycles renders the inter- 
pretation probable that incomplete block took place between the pace-maker 
and the rest the heart. This experiment affords example sino-auricular 
block the dog’s heart. There was also lengthening the P-R interval (0.1 
0.17) during stimulation, the longest interval occurring the first cycles each 
group. The single cycles and the first cycles each group are represented 
complexes altered not only size but minor degree also form. Sino- 
auricular block has been obtained Garrey stimulating the vagus nerve 
the turtle’s heart, but his case the phenomenon described resulting from 
the stimulation the right vagus nerve weak currents. considered the 
block chronotropic effect, although says inotropic and other effects were 
also present. the present experiment the effect was obtained with the left 
vagus nerve, although four seconds after cessation stimulation the right 
vagus, single cycle dropped out, and quiescence equal about the length 
two took its place. There was lengthening the conduction time the 
cycle after the pause. 


DISCUSSION. 


The description the curves leads naturally the conclusion 
that dogs essential difference exists between the right and 
left vagus nerves their action the heart. The difference 
not merely difference degree, more fundamental differ- 

Garrey (2), loc. cit., 342. 
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ence. the two cases which inversion the usual 
result was obtained, auricular contractions were always arrested 
successful stimulation the right nerve while stimulation 
the left nerve did not stop them. Nor did ever happen stim- 
ulating the right nerve, even when the rate was only slowed, that 
the depression conduction from auricles was great result 
the incomplete complete block impulses derived from auric- 
ular contractions. the other hand, such phenomena invariably 
resulted from left vagus stimulation. Other experimenters, al- 
ready mentioned, have described auricular slowing with ventricular 
quiescence during vagus stimulation. But far the writer 
aware has not been recognized that this combination phe- 
nomena usually produced stimulation the left vagus and 
not stimulation the right. recently 1911, Dogiel (36) 
stated** that “many physiologists have called attention the fact 
that stimulation the right vagus has not the same effect the 
heart action the left, result due part the strength and dura- 
tion the and von Tabora (50), working Hering’s 
laboratory dogs, said that action alone may possibly 
occasions produce ventricular silences, but cannot bring about dis- 

probable that the difference function between the two 
vagi dependent upon the development the heart and its con- 
ducting mechanism, and the nerves relation the muscular 
structures. explanation the differences must therefore await 
further development knowledge regarding these embryological 
points. The existence homolateral distribution the two 
vagus nerves the hearts turtles has been indicated Mills 
(21) and has been proved Garrey (2). similar roughly 
homolateral distribution the vagi dogs has also been described 
Lim Boon Keng (51), and the accelerator nerves von 
Schumacher (52), but doubtful whether the distribution that 
has been described refined necessary explain the results 
obtained the experiments described this paper. 

text-figure attempt has been made indicate possible 
distribution the two nerves which might explain their differences 


(36), loc. cit., 122. 
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function. Such distribution, course, purely hypothetical 
and the diagram offered simply for the purpose rendering the 
experimental findings more comprehensible. 


The superior vena cava (S.V.C.), the sino-auricular node, the 
mass both auricles, the auriculoventricular node and bundle, and the mass 
both ventricles are shown diagrammatically. The right vagus nerve shown 
send preponderating number fibers the S.A. node, smaller number 
the auricles and the A-V system and the ventricles. The distribution the 
left side reversed; none are sent the S.A. node, and larger number 
the A-V node and A-V bundle and the ventricles. 


each vagus nerve are accredited equal number fibers. 
The greater number those the right nerve are represented 
entering the sino-auricular node; they exercise, therefore, pre- 
ponderating chronotropic effect the whole heart. smaller 
number are distributed the auricles and the ventricles, where 
they exercise inotropic effects far greater the auricle than 


the ventricle. the fibers assigned the left vagus nerve, none 


enter the sino-auricular node. might have been more con- 
sonance with the findings these experiments, however, have 
shown fiber entering the sinus node. Fibers are shown enter 
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the auricles where they have inotropic effect, while others enter 
the ventricles where they have inotropic and possibly bathmo- 
tropic action. Most the fibers are shown enter the auriculo- 
ventricular system, for the production dromotropic effect 
the most conspicuous function this nerve. must 
that the diagram, explanation even this paper, does not 
elucidate all the phenomena found, and included with hesitancy, 
lest supposed contain definitive opinion. 


CONCLUSIONS. 

may concluded from the results obtained these experi- 

That stimulation the right vagus nerve the dog usually 
causes arrest all the chambers the heart. 

That stimulation the left vagus nerve exerts moderate 
negative chronotropic effect the auricles. 

That stimulation the left vagus nerve has profound 
effect the conduction impulses over the auriculoventricular 
system. 

That the degree effect exercised the auriculoventricular 
system stimulation the left vagus nerve varies. some dogs 
conduction depressed extent which causes only delay 
the conduction impulses from auricles ventricles (P-R time) 
other dogs the conduction depressed degree which results 
incomplete while still other dogs conduction 
depressed that although the auricles continue contract, im- 
pulses pass from them the ventricles. 

That when stimulation either the right left vagus nerve 
causes asystole nomotopic ventricular contractions, ectopic ven- 
tricular contractions may occur. 

That the time which elapses before ectopic ventricular con- 
tractions occur depends upon the irritability the ventricular 
muscle, and this may vary different dogs. 

That stimulation the left vagus nerve may rarely cause 
sino-auricular block. Possibly stimulation the right nerve may 
also produce this effect. 

That there consequently usually great qualitative differ- 
ence the action the two vagus nerves the heart the dog. 
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EXPLANATION PLATES. 


PLATE 


Fic. (Experiment 673.) Stimulation the right vagus nerve. The curves 
from above downward are: (1) suspension curve right auricle, (2) suspension 
curve right ventricle, (3) electrocardiogram, (4) signal showing the length 
stimulation, (5) time 0.02 second, (6) time 0.2 second. The 
stimulus applied stopped the whole heart. The P-R time was lengthened slightly, 
0.09 0.12 second. 


(Experiment 666.) Stimulation the right vagus nerve. sus- 
pension curves are shown here the following auricular contrac- 
tion (P’) occurs shortly after the beginning stimulation. Three seconds 
later complete cycle, and 2.8 seconds later second cycle escapes; between 
them occurs one blocked auricular (P’) wave. The P-R time the escaped 
cycies was lengthened 0.1 0.12 and 0.14 second. 
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PLATE 70. 


(Experiment 666.) Stimulation the right vagus nerve. After the 
cessation stimulation the first cycle shows lengthened P-R interval (0.1 
0.12 second), after which blocked auricular contraction occurs. 

(Experiment 659). Stimulation the right vagus nerve. Shortly 
after the beginning stimulation, one blocked auricular (P’) contraction occurs, 
During the period stimulation two ectopic (right ventricular) contractions are 
seen. After stimulation the P-R interval lengthened, 0.11 0.18 second, 
and two blocked auricular (P’) waves occur. 

(Experiment 661.) Stimulation the right vagus nerve. The 
auricles cease contracting entirely. The complexes representing ventricular 
contractions are derived from stimuli arising the wall the left ventricle. 
The first two auricular contractions after the cessation stimulation are 
blocked. The P-R time lengthened from 0.11 0.14 second. returned 
normal the third cycle after the last one reproduced. 
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Fic. 639.) Stimulation the right vagus nerve. Similar 
the effect shown figure except that the ventricular complexes this curve 
originate the right ventricle. The first three auricular (P) waves after the 
end stimulation are dissociated from the ventricular complexes. 

(Experiment 662.) Stimulation the left vagus nerve. Gradual 
increase the length the P-R time, 0.1 0.24 second, shown. The 
fifth cycle after the last one reproduced has P-R interval 0.12 second. 


figure account the faintness the original tracings, the waves 
the ventricular complexes have been redrawn the reproduction. 
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PLATE 72. 


Fic. and (Experiment 666.) The second part, this figure 
directly continuous with the first portion. The decimals above the electro- 
cardiogram represent the intervals (P-P) between succeeding auricular con- 
tractions; the decimals underneath, the P-R interval. The P-R interval the 
groups cycles figure gradually increases until auricular wave 
blocked (P’). figure the last cycle the group shown has P-R 
interval slightly shorter than the cycle immediately preceding. 


Fic. (Experiment 673.) Stimulation the left vagus nerve. Suspen- 
sion curves figure The auricular contractions the suspension curve 
gradually become smaller during the eight numbered beats until elevations 
are seen the curve. Ventricular contractions have ceased. The electrical 
curve shows the waves, the representatives auricular contractions, present. 
After stimulation, the P-R interval lengthened from 0.09 0.12 second. 
auricular contraction, P’, then blocked and the P-R time lengthens 0.14 
The fourth cycle after the last one reproduced shows P-R time 
second. 
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PLATE 73. 

and (Experiment 667.) Stimulation the left vagus nerve. 
The two curves are directly continuous. Figure shows events like those 
figure differs that pause 2.3 seconds occurs after the beginning 
stimulation and until the auricular contractions begin. Figure 10, shows 
escaped ectopic (right ventricular) complex. The remainder the curve 
shows The rest this curve, which not reproduced, shows ten 
additional cycles 2:1 rhythm, sequential cycle, another 2:1 cycle, and 
finally sequential rhythm. 
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PLATE 74. 


Fic. (Experiment 639.) Stimulation the left vagus nerve. The 


contractions continue. Nomotopic ventricular contractions have 


Their place taken ectopic ventricular contractions arising the right 


ventricle. Auricular and ventricular contractions occur complete dissociation. 


Fic. (Experiment 644.) Stimulation the left vagus nerve. 
contractions continue throughout the period stimulation. Two ventricular 
contractions originating the wall the right ventricle appear. The P-R time 
after stimulation 0.18 second. One auricular contraction (P) then 
blocked, after which the normal sequence restored. 


account the faintness the original tracings, the 
waves the ventricular complexes have been redrawn the reproduction. 
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PLATE 


Fic. 13. and (Experiment 661.) Stimulation the left vagus nerve. 
directly continuous with auricular contractions first ceased. Four 
are seen toward the end the curve. Four ventricular contractions are present. 
These are ectopic (left ventricular) systoles. The last cycle and all the 
cycles are sequential and nomotopic, but are slowed and show prolonged 
P-R interval (0.1 0.17 second). 
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PLATE 76. 


Fic. (Experiment 662.) Stimulation the left vagus nerve. 
The two portions the curve are not directly continuous. Nine cycles are 
omitted. The decimals above the electrocardiogram represent the interauricular 
time; those below, the P-R time. The curve represents instance sino- 
auricular block. the details the reader referred the text (p. 752). 
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THE RELATION THE SPLEEN BLOOD DESTRUC- 
TION AND REGENERATION AND 
HEMOLYTIC JAUNDICE. 


CHANGES THE FOLLOWING SPLENECTOMY 
AND THEIR RELATION THE PRODUCTION 
HEMOLYTIC JAUNDICE.* 


RICHARD PEARCE, M.D., AUSTIN, M.D., 
JOHN MUSSER, M.D. 
(From the John Herr Musser Department Research Medicine the 


University Pennsylvania, Philadelphia.) 


the first paper’ this series certain phenomena have been 
described which follow splenectomy are associated with the ad- 
ministration hemolytic serum splenectomized animals. The 
most striking these are (1) the frequent failure jaundice 
occur upon the administration hemolytic serum during the 
early period after splenectomy; (2) the increased resistance the 
red blood corpuscles, which evident about one month and more 
after splenectomy; and (3) the occasional occurrence spon- 
taneous jaundice dogs splenectomized for several months. One 
possible explanation the first these phenomena—an influence 
the spleen upon the alteration hemoglobin its transformation 
into bile pigment—has been shown, the second paper? the series, 
untenable. This investigation, moreover, brought out very 
definite and valuable information concerning the elimination 
hemoglobin the kidney, and the exact relation between hemo- 
globinemia and jaundice. 

the course these studies, observations were made which 
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pointed strongly changes the blood itself important factors 
the explanation the phenomena under investigation. 

was noticed, more less accidentally, that injection 
hemolytic serum into anemic dogs, whether splenectomized not, 
did not cause jaundice readily dogs with normal red cell 
count and normal hemoglobin content. 

This observation suggested that might not the mere absence 
the spleen, but secondary changes the blood consequent upon 
the absence the spleen, that prevented the appearance jaundice 
splenectomized animals. therefore turned our attention 
the condition the blood all splenectomized animals. This phase 
our problem has already been studied one who found, 
accord with other investigators, that the dog splenectomy 
followed gradual progressive decrease red blood cells and 
hemoglobin reaching the lowest level about the twenty-sixth day, 
the hemoglobin varying from per cent. and the red cells 
from 2,800,000 3,500,000. From this time the eighty-second 
day constant increase hemoglobin and red cells occurs, the 
animal not reaching approximating its normal level, however, 
until the end about four and half months. 

comparison these phases blood destruction and regenera- 
tion with the various phenomena had observed was instructive. 
The period during which jaundice failed follow hemolysis, 
was slight and evanescent, corresponded roughly the period, one 
month, progressive blood degeneration; the period increased 
resistance the red cells corresponded the period during which 
regeneration blood was occurring, and spontaneous jaundice cor- 


responded, apparently, the period more less complete 


turn red cells and hemoglobin content normal. 

This correlation suggested the possibility that the failure jaun- 
dice the early period after splenectomy might associated 
some way with the low hemoglobin content the red blood cells. 
Obviously was possible test this hypothesis studying the 
effect hemolytic serum dogs rendered anemic some other 
way than splenectomy. This was done bleeding, shown 


H., Experimental Study the Changes the Blood 
Following Splenectomy, Arch. Int. Med., 1912, ix, 592. 
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the following experiment, which normal dog with high hemo- 
globin content contrasted with dog rendered moderately anemic 
bleeding. 


Effect Hemolytic Serum Dog Rendered Anemic Bleeding. 
Normal Control. 


Date. Anemic dog. Date. Control dog. 
April 16, 1912. 5,350 gm. 

Urine: albumin, 
bile. 

Blood: red cells, 
107 per cent. 

Fragility: 0.4+; 

11.45 vein 0.25 c.c. 

per kilo same serum 

anemic dog. 

2.45 |Much bile urine. 

3.15 |Blood: red cells, 

5,330,000; hemoglobin 

per cent. 

6.30 contains hemo- 
globin and much bile. 

Blood: red cells, 
4,660,000; hemoglobin 
per cent. 

April 17, 1912. |Urine contains hemo- 
globin and 
ment. 

Blood: red cells, 
4,470,000; hemoglobin 
per cent. 

April 18, |Urine: hemoglobin, but 

trace bile. 

April 19, 1912. |Urine: bile, albu- 

min. 
Blood: red cells, 
4,930,000. 


April 18, 1912. |Weight, 10,740 gm. 
Urine: free albumin. 
179 c.c. blood taken from 
jugular vein. 
April 20, 1912. blood taken from 
jugular vein. 


April 21, 1912, 
pigment. 
Blood: red cells, 4,450,000; 
hemoglobin per cent. 
Fragility: 
April 21, 1912, 

|Received 0.25 c.c. hemo- 
lytic serum per kilo, 
vein. 

Blood: red cells, 3,400,000; 
hemoglobin per cent. 
Apri! 22, 1912. |Urine: hemoglobin, 
bile. 
Blood: red cells, 3,250,000; 
hemoglobin per cent. 
April 23, 24, 
25, bile pigment. 
April 24, 1912. |Blood: red cells, 3,040,000; 
hemoglobin per cent. 
April 25, 1912. |Blood: red cells, 2,910,000; 
hemoglobin per cent. 


this experiment the anemic dog although received the same 
amount serum proportionately, and account its greater 
weight, twice much serum actually the control, failed de- 
velop hemoglobinuria jaundice. true that far the 
salt solution test can taken indicator, the corpuscles this 


the experiments described this paper, all operative procedures were 
carried out under complete ether anesthesia. 

These figures refer hemolysis different strengths salt solution; thus 
indicates complete hemolysis 0.3 per cent. salt solution; indicates 
hemolysis 0.4 per cent. solution, and that partial hemolysis occurred 
0.35 per cent. solution. 
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dog were apparently more resistant than those the control dog. 
Nevertheless, the lower hemoglobin content the blood would 
appear important factor determining the occurrence 
jaundice. was once evident that the condition the 
blood and not the absence the spleen that important, recently 
splenectomized dog with the normal number red cells and normal 
hemoglobin content should develop jaundice after the administra- 
tion hemolytic serum. Such dog was hand the time 
the above experiments were made and was injected with the same 
serum used experiment dog was used that had 
been splenectomized sixty-six days previously and had recovered 
from the anemia following splenectomy. 


EXPERIMENT II. 


Effect Hemolytic Serum Splenectomized Dogs with Normal 
Red Cell Count. 


Date. Four day splenectomy. Date. Sixty-six day splenectomy. 
April 17, 1912. |Weight, 7,850 gm. 
Splenectomy. 
April 21, 1912. |Urine: albumin, bile. 
Blood: red cells, 5,880,000; 
hemoglohin per cent. 
Fragility: 
11.25 |Received vein 0.25 c.c. 
serum per kilo (same 
serum asin experiment I). 
5.20 |Urine: (by catheter) con- 
tains large amount 


Feb. 10, 1912. |Splenectomy. 
April 16, 1912. |Weight, 12,680 gm. 
Urine: faint trace al- 
bumin, bile. 
Blood: red cells, 
5,230,000; hemoglobin 
per cent. 
Fragility: 
serum per kilo (same 
serum 


bile pigment and faint ment I). 
trace albumin. 2.45 trace bile pig- 
Blood: red cells, 5,330,000; ment. 


hemoglobin per cent. 
April 22, 1912. |Urine: trace bile. 
Blood: red cells, 5,260,000; 
hemoglobin per cent. 
April 23, 1912. |Urine: faint trace bile. 
April 24, 1912. |Urine: albumin, bile. 
Blood: red cells, 4,800,000; 
hemoglobin per cent. 
April 25, 1912. |Blood: red cells, 4,510,000; 
hemoglobin per cent. 


3.50 |Blood: red cells, 
5,310,000; hemoglobin 
per cent. 
11.00 |Urine: moderate amount 
bile pigment. 
April 17, 1912. |Urine: moderate amount 
bile pigment. 
Blood: red cells, 
4,830,000; hemoglobin 
79 per cent. 
April 18, 1912. |Urine: bile pigment. 
Blood: red cells, 
4,500,000. 
April 19, |Urine: bile. 


the results these four animals (experiments and II) are 
compared, seen that jaundice failed occur only the animal 
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EXPERIMENT III. 


Anemic Dog Controlled Splenectomized Dog 
with Normal Blood. 


Date. 
June 1912. |Splenectomy. May 1912. |Splenectomy. 
June 1912. |Blood: red cells, June 1912. |Blood: red cells, 
hemoglobin per cent. 5,230,000; hemoglobin 
Urine: normal, bile pig- per cent. 
ment. Urine: normal, bile 
hemolytic serum pigment. 
injected into vein. same serum 
June 1912. |Urine: hemoglobin present, injected into vein. 
bile pigment. June hemoglobin pres- 
June 1912. |Urine: hemoglobin present, ent, pigment 
bile pigment. abundant. 

Died. June 1912. hemoglobin pres- 
ent, bile pigment 
abundant. 

Experiment discontinued. 


rendered anemic bleeding both splenectomized animals with nor- 
mal red cell count had transient but definite elimination bile pig- 
ment the urine, while the normal control exhibited both hemo- 
globinuria and jaundice. These observations are interest con- 
nection with our studies the second paper this series. The 
normal dog suffered destruction red cells and reduction 
hemoglobin equal per cent. the original hemoglobin content. 
This destruction, shown the appearance hemoglobin the 
blood serum two hours and forty minutes after injection, was severe 
and rapid. The threshold value the kidney was soon reached 
and hemoglobin appeared the urine, but the same time the 
amount going the liver and transformed into bile pigments ex- 
ceeded the capacity that organ and resorption caused the pigment 
appear the urine. the two splenectomized animals, the de- 
struction hemoglobin and red cells was less, and per cent. 
respectively, and apparently too slow cause concentration 
hemoglobin the blood sufficient reach the threshold value 
the kidney hemoglobinuria therefore did not occur, but the amount 
going the liver was sufficient lead jaundice. The slight de- 
struction the dog that had been splenectomized sixty-six days be- 
fore easily explained increased resistance the corpuscles; 
the loss being only per cent. compared with the anemic dog 
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which the loss was per cent., though both had, the time 
injection, practically the same percentage hemoglobin. The one 
thing that stands out prominently these four experiments the 
fact that jaundice failed the dog rendered anemic bleeding, 
but occurred each the other three dogs with high red cell 
count. 

That this holds true also for the splenectomized anemic dog 
shown experiment III, which dog, moderately anemic, 
three days after splenectomy controlled non-anemic dog 
which had been splenectomized twenty-six days before. 

Here relatively slight difference the red cell count and hemo- 
globin content appears have. been the chief factor the non- 
appearance jaundice. 

Another observation, account which follows, adds further 
evidence support the theory that hemolytic serum causes 
jaundice only when the splenectomy not followed anemia. 


EXPERIMENT IV. 


dog weighing 7,730 gm. was splenectomized March 11. Three days 
later the urine was normal, the red cells numbered 6,210,000, the hemoglobin 
content was per cent., and the fragility test gave complete hemolysis 0.4 
per cent. solution. this time the animal received intravenously 0.5 c.c. per 
kilo very powerful serum, which caused death less than forty-eight hours. 
Hemoglobinemia was evident one hour and twenty minutes after injection and 
hemoglobinuria after four hours; this time the hemoglobin had dropped 
per cent. and the end twenty-four hours The severe hemo- 
globinuria rendered tests for bile pigment difficult interpretation but 
autopsy intense bile staining the skin, sclera, and the mucous membranes and 
other lighter tissues the body was found. The abdominal cavity contained 
small amount blood, and petechial hemorrhages studded the peritoneum. 
The liver showed diffuse necroses and the gall bladder was distended 
thick, black, mush-like bile which would not flow through incision made 
the gall bladder. The lymph nodes all parts the body were hemorrhagic. 
The blood serum contained free hemoglobin. 


Another similar experiment follows. 
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EXPERIMENT 


Effect Hemolytic Serum Nine Days after Splenectomy, the 
Presence Normal Red Cell Count. 


Date. Dog 28, weight 10,or5 gm, Date. Dog 37, weight 8,255 gm. 


March 1912. normal. 

March 1912. |Splenectomy. Control. 

March 1912. |Blood: red cells, 7,620,000; 

hemoglobin 102 per cent. 
March 13, 1912. |Blood: red cells, 6,540,000; 
hemoglobin 105 per cent. 
Fragility: 
March 14, 1912. |Urine: faint trace al- 
bumin, bile 15, |Urine: normal; 
March 15, 1912. |Urine: faint trace al- pigment. 
bumin, bile pigment. 3.15 |Blood: red cells, 
1.30 |Blood: red cells, 6,260,000; 5,440,000; hemoglobin 
hemoglobin per cent. per cent. 
1.55 c.c. serum per kilo Fragility: 
vein. 3.30 c.c. same serum per 
|Blood serum clear. kilo vein. 
|Urine: catheter, deeply 4.05 |Blood serum free from 
bile stained, considerable hemoglobin. 
coagulable protein; 5.45 |Urine catheter deeply 
hemoglobin. bile stained, and con- 

Red cells: 5,490,000; hemo- tains much coagulable 

globin per cent. protein. 

Blood serum: clear. Blood: red cells, 
5,720,000; hemoglobin 
per cent.; serum 
shows doubtful trace 
hemoglobin. 

Urine: highly colored 
bile pigment, trace 
albumin; hemoglo- 
bin. 


March 16, 

tate albumin, large 
amount bile pigment; 
hemoglobin. 

hemoglobin, 
much bile pigment, al- 
bumin present. 

3.30 |Red cells, 3,600,000; hemo- 
globin per cent. 

March 17, 1912. |Urine: hemoglobin, bile 

present, albumin present. 


March 16, 1912, 
5.45 |Red cells, 4,480,000; hem 
oglobin per cent. 
Urine: bile pigments less- 


cent. Blood: hemoglobin per 
March 18, 1912. |Urine: trace albumin, bile cent. 
pigments diminishing Urine: faint trace bile 
amount. pigment. 
Blood: hemoglobin per Blood: red cells, 
cent. 2,320,000; hemoglobin 


March 19, 1912. hemoglobin per 
cent.; red cells, 3,170,000. 

Serum shows free hemo- 
globin. 

Urine: high colored, al- 
bumin, good reaction for 
bile pigments. 


per cent. 
Urine: faint trace bile. 
Blood: red cells, 

3,020,000; hemoglobin 

per cent. 
Blood: serum contains 

free hemoglobin. 


March 20-27, Urine: contains bile pig-|March and 
ment small amounts. 1912. Urine: contains trace 
March 21, 1912. |Blood: red cells, 2,350,000; bile pigments and al- 
hemoglobin per cent. bumin. 
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EXPERIMENT 


Date. Dog 28, weight gm. Date. Dog 37, weight 8,255 gm. 
March 23, 1912. red cells, 21, 1912. |Blood: red cells, 
hemoglobin per cent. 3,040,000; hemoglobin 
Fragility: per cent. 
March 26, 1912. |Blood: cells, 23, 1912. |Urine. albumin, 
hemoglobin per cent. bile pigment. 
Experiment discontinued. Died. 


SPLENECTOMIZED ANIMALS WITH INCREASED RESISTANCE 
CORPUSCLES. 

That the red cells splenectomized animals after one month 
and more have true resistance hemolytic serum and that this 
not merely matter test-tube experiment shown experi- 
ment VI. 

EXPERIMENT VI. 
Increased Resistance Forty Days after Splenectomy. 


Date. Date. 


Feb. 1912. Control. 
March 11, 1912. |Weight, 6,780 gm. 
Urine: normal. 
Blood: 5,560,000; 

hemoglobin per cent. 


Fragility: March 11, 
March 1912. |Urine: normal. normal. 
Blood: 5,710,000; Blood: red cells, 6,220,000; 
hemoglobin per cent. hemoglobin 102 per cent. 
4.30 c.c. serum per kilo vein. Fragility: 
hemoglobin. vein. 
9.30 |No urine bladder. 4.02 tinged with hemo- 
Blood: red cells, 5,550,000; globin. 
hemoglobin per cent. 6.30 urine bladder. 
Serum deeply stained with 
hemoglobin. 
March 20, 1912. |Died. Urine cells, 4,330,000; hemo- 
shows much albumin, trace globin per cent. 
bile; hemoglobin. Died during night; urine. 


These animals died the result toxic property distinct from 
the hemolytic activity the serum, but the difference the re- 
sistance the red cells the hemolytic agent clearly shown. 

Still more striking the very slight destruction red cells 
animal that developed spontaneous jaundice seven and half 
months after splenectomy, shown experiment VII. 
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EXPERIMENT VII. 


Increased Resistance Seven and Half Months after Splenectomy. 


Date. Dog weight 9,170 gm. Date. Dog 33, weight 7,050 
July 19, 1911. |Splenectomy. Control. 
March 1912. |Much bile pigment urine. Urine: normal. 
March 1912, |Much bile pigment urine. Urine: normal. 
|Blood: red cell count |Blood: red cell 
hemoglobin per cent. count, 6,610,000; 
2.45 cells hemolyzed completely hemoglobin 108 
0.3 per cent. salt solution. per cent. 
2.47 c.c. serum per kilo vein. 2.16 |Red cells hemolyzed 
3.02 |No free hemoglobin serum. completely 0.4 
3.18 |No free hemoglobin serum. per cent. salt solu- 
3.38 |No free hemoglobin serum. tion. 
5.30 |Blood count: red cells, 6,480,000; serum per kilo 
hemoglobin per cent. vein. 
March 1912. |Urine: hemoglobin, but much 2.32 |No free hemoglobin 
pigment. serum. 
per cent. serum. 
2.30 |Received vein 8.5 c.c. 3.10 |Trace hemoglobin 
serum (nearly c.c. per kilo). serum. 
2.32 hemoglobin serum. 5.10 |Urine contains 
2.55 |No hemoglobin serum. hemoglobin. 
5.00 hemoglobin serum. 5.10 |Blood count, 3,580, 
5.00 |Hemoglobin urine very small 000; hemoglobin 
amount but positively determined per cent. 
spectroscope. March Urine: very marked 
5.00 |Red cells, 5,200,000; hemoglobin 1912. hemoglobinuria: 
per cent. bile test positive. 
March 1912. |Marked hemoglobinuria. second injection. 
March 11, 1912. |Died. March hemoglobin 
urine, but trace 


bile. 


Here again the increased resistance the red cells the splenec- 
tomized animal very marked. Equal doses serum failed 
cause marked the splenectomized animal, determined 
blood count and absence hemoglobin serum and urine. 
extraordinarily large dose, however, caused severe blood de- 
struction and death after forty-eight hours. the other hand, the 
first dose caused the control animal marked hemoglobinuria and 
great destruction red cells. 


the dogs (No. used Musser, Jr., his Experimental 
Study the Changes the Blood Following Splenectomy,” Arch. Int. Med., 
loc. cit. 
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THE CONDITION THE BLOOD ANIMALS WITH SPONTANEOUS 

The observation that animals with low red cell count and low 
hemoglobin, irrespective the presence absence the spleen, 
failed develop jaundice after the administration hemolytic 
serum, and the obverse, that this serum splenectomized animals 
with normal blood count and hemoglobin content always caused 
jaundice, suggested the possibility that the spontaneous jaundice, 
occasionally occurring after splenectomy, might associated 
some way with over-regeneration blood leading ab- 
normally high red cell count and hemoglobin content. With this 
possibility view blood examinations have been made all long 
period experiments. The data hand, though meager, are sug- 
gestive possible relation between the jaundice and the condition 
the blood. 

Well marked choluria following splenectomy, and occurring with- 
out administration hemolytic poison, has been seen two 
animals, and slight choluria likewise one the former 
the blood was not examined; the second (experiment VII), 
which very marked choluria was found seven and half months 
after operation, the red cell count was 6,120,000, and the hemo- 
globin per cent. also one the animals with slight chol- 
uria, the blood count was 6,220,000, and hemoglobin 103 per cent.; 
second the red count was 5,740,000. 

These were animals which had recovered from the temporary 
anemia due splenectomy and possessed the normal number, 
perhaps slight excess red blood cells. the other hand, 
the only animal which was carried for long period (ten months) 
with careful observation the blood and which did not develop 
choluria, the blood counts were low, varying during the last two 
months from 4,460,000 4,970,000, and with hemoglobin ranging 
from per cent. 

These observations are too few number and not sufficiently 
controlled allow definite conclusions but they suggest the possi- 
bility that spontaneous jaundice after splenectomy may associated 
some way with the period complete regeneration the 


This suggestion offer with some hesitancy, for recently have observed 
five apparently normal dogs unexplainable spontaneous jaundice. 


der. 
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SUMMARY. 


The results this study the changes the blood after splenec- 
tomy and the effect the administration hemolytic serum 
allow the following tentative conclusions: 

The failure hemolytic serum cause jaundice due 
some way the anemia which frequently follows splenectomy. 
Animals, whether splenectomized not, which have low blood 
count and low hemoglobin content not readily develop jaundice 
after administration hemolytic serum. the other hand, 
animals with normal blood picture such serum readily causes, 
during early periods after splenectomy, well marked jaundice. 

The difficulty producing hemoglobinemia and jaundice 
animals splenectomized one month more, due, shown 


blood count, the use hypotonic salt solution test, and the search: 


for the presence hemoglobin the serum and urine, in- 
crease the resistance the red cells. The results detailed 
serologic tests upon this point will presented 

possible that spontaneous jaundice occurring long pe- 
riods after splenectomy accompaniment the complete re- 
generation the blood. The study the blood animals splenec- 
tomized for long periods, seven ten months, indicates that spon- 
taneous jaundice occurs only when the animal has recovered from 
the initial period anemia and has high red cell count and high 
hemoglobin content. 

the mechanism responsible for the anemia following 
splenectomy and for the increased resistance the red cells, 
can present offer explanation. 

T., and Pearce, M., IV. Study, the Methods 


ology, the Increased Resistance the Red Blood Corpuscles after Splenectomy, 
Jour. Exper. Med., 1912, xvi, 
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THE RELATION THE SPLEEN BLOOD DESTRUC- 
TION AND REGENERATION AND 
HEMOLYTIC JAUNDICE. 


CREASED RESISTANCE THE RED BLoop 
AFTER SPLENECTOMY.* 


HOWARD KARSNER, M.D., RICHARD PEARCE, M.D. 


(From the John Herr Musser Department Research Medicine the 
University Pennsylvania, Philadelphia.) 


the first and third communications this was shown 
that dog that has been splenectomized for some time more re- 
sistant specific hemolytic immune serum than the non-splen- 
ectomized dog, and that produce hemoglobinemia and hemoglob- 
inuria, jaundice, such animal necessary administer 
larger amounts serum than the normal animal. Tests vitro 
with hypotonic salt solution and with hemolytic serum showed that 
this diminished susceptibility the animals the action hemo- 
lytic serum was all probability due increased resistance 
the red cells. These tests, however, were made irregularly and 
were but incidental other phases the general investigation. 
the present communication the results special study this 
problem the accurate and detailed methods immunology are 
presented detail. 

Increase resistance the red cells hemolytic agents after splenectomy 
not new observation. has been noted the dog Bottazzi,? 
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Vast,* Pugliese and and the guinea pig Gabbi,’ 
and the rabbit The hemolytic agent used these investigators 
was, rule, toluylendiamine, though occasionally pyrodin (Pugliese and 
Luzzatti), acetylphenylhydrazine (Banti), and specific hemolytic immune serum 
(Joannovics) have been employed. general has been assumed that the 
increased resistance the toxic influence the drug, the failure produce 
hemoglobinemia jaundice, due increased resistance the red cells. 
Banti invokes also the absence the alleged hemolytic function the spleen, 
and Vast also believes that for the destruction red cells the intervention 
the spleen necessary. This point view some extent supported 
Joannovics. Pugliese and Luzzatti, the other hand, deny the influence the 
absence the spleen and point the presence, after repeated doses 
pyrodin, newly formed immature nucleated corpuscles, poor hemoglobin, 
which they think may possibly more resistant pyrodin than are the normal 
cells. Few exact studies the condition the corpuscles have been made, and 
these are limited, the investigations Brissaud and Bauer,’ Chalier and 
and the use hypotonic salt solutions. careful study 


the resistance these cells hemolytic serum vitro has been made, and the 


allied problems possible antihemolytic action the serum and possible 
changes complement content have not been investigated. 

Brissaud and Bauer, working with two rabbits and using hypotonic salt solu- 
tion varying strengths, found decreased resistance the red cells during 
eight ten days after splenectomy with, “after the lapse time,’ return 
normal, but increase resistance. They not, however, state how long 
the experiment was continued. Chalier and Charlet, using both the rabbit and 
the dog, and the salt solution test, conclude that splenectomy followed appar- 
ently slight increase the resistance the red cells. Pel, very 
extensive study, found that average fifty-eight determinations 
normal dogs the first trace hemolysis occurred 0.42 per cent. salt solution 
compared with 0.35 the average for thirty observations splenectomized 
dogs; the average concentration which hemolysis was complete was, for 
normal dogs, 0.30 per cent. salt solution, and for splenectomized dogs 0.23 per 


*Vast, cited Joannovics, loc. cit.; original not available. 
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cent. Thus both series observations the increased resistance the 
splenectomized animals was the equivalent 0.07 per cent. salt solution. The 
difference may expressed another way; the fifty-eight observations 
normal animals hemolysis began all but one test solutions 0.48 0.40 
per cent., while thirty observations splenectomized animals, all but two 
began solutions 0.38 0.30 per cent.; likewise complete hemolysis 
occurred the normal group only seven times below 0.30, while the splen- 
ectomized group occurred always below 0.30 per cent. solution. The resistance 
the red cells was found increase gradually and reach its maximum after 
about two months; further lapse time showed tendency return 
normal. The longest period after splenectomy was two years and four months. 

Pel makes general statement concerning the influence the serum the 
effect that the serum splenectomized dog added the red cells normal 
dog does not increase the resistance the latter hypotonic salt solution, and 
vice versa, that the addition normal serum the red cells splenectomized 
dog does not decrease their resistance. 

Blood counts showed slight decrease the number red cells after 
splenectomy but not enough the opinion Pel, view also only slight 
changes the percentage hemoglobin, have any relation the increased 
resistance the red cells. the factors responsible for the increased 
resistance, Pel offers explanation. 


EXPERIMENTAL PART. 


the present investigation have used six dogs. One had 
been splenectomized ten days, second, thirty days, and third, four 
months before. The last animal had been given hemolytic immune 
serum two months before the beginning the immunological tests, 
and therefore control for this animal, dog which had received 
hemolytic immune serum five weeks previously, but was otherwise 
normal, was included the series, and controls for the other two 
animals two normal dogs were used. 

For the determination the resistance the corpuscles hypo- 
tonic salt solution employed, with slight modifications, the 
method Theobald used Chemically pure 
sodium chloride was dried for two hours 170° and imme- 
diately weighed amounts necessary make 500 cubic centimeter 
volumes salt solution ranging from 0.1 0.5 per cent. steps 
0.025 per cent. order sure approximately the same 

Smith, T., and Brown, R., The Resistance the Red Corpuscles the 
Horse Salt Solutions Different Tonicities, Jour. Med. Research, 1906, 
XV, 425. 


Gay, P., The Function Tonicity Human Isohemagglutination, Jour. 
Med. Research, 1907-08, xvii, 321. 
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volume corpuscles the anemic the normal bloods, the 
gently defibrinated blood was centrifuged and the serum drawn off. 
0.1 cubic centimeter the corpuscular mass was measured 
accurately graduated pipette and placed three cubic centi- 
meters each the various salt solutions. Standard colorimetric 
scales for comparison were made laking red cells with distilled 
thus the laking 0.4 cubic centimeter the corpuscu- 
lar mass twelve cubic centimeters distilled water represented 
standard 100 per cent. hemolysis. Dilutions this solution 
were made have tubes showing the color values 80, 60, 40, 
and per cent. hemolysis. than per cent. hemolysis in- 
dicated table trace hemolysis. most instances this 
scale was entirely satisfactory, but occasionally, although tube 
showed 100 per cent. hemolysis colorimetrically, there was, shak- 
ing, slight macroscopic sediment incompletely hemolyzed cor- 
puscles; this result indicated minus sign after the approx- 
imate percentage hemolysis. Upon adding the corpuscles 
the salt solution, preliminary reading was made and the mixtures 
were placed the refrigerator. final reading the end 
eighteen hours was made the basis for table 

will seen that the blood the normal dogs (30 and 53) 
shows hemolysis fairly high percentages salt solution, but 
that the resistance increased all the abnormal animals. 
true that dog 46, splenectomized animal, shows initial hemolysis 
the same percentage salt solution normal dog 53; but inspec- 
tion will show that whereas the normal dog hemolysis com- 
plete 0.350 per cent., not complete dog until 0.300 per 
cent. reached. There can doubt that the cells dog 24, 
the animal which had been longest splenectomized, show the greatest 
degree resistance. That this resistance due for the most part, 
not entirely, splenectomy, is, view results with bloods 
and 53, most probable. the other hand, evident, shown 
the experience with blood 43, that the administration hem- 
olytic immune serum followed increased resistance the 
red cells the absence splenectomy. 

order determine the resistance the corpuscles specific 
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hemolytic immune the following technique was employed. 
The corpuscles were washed three times 0.85 per cent. salt solu- 
tion, and blood suspensions were made per cent. red cells 
contained the centrifuged corpuscular mass. The latter rather 
than whole blood was used because the use whole blood would 
fallacious the case anemic animals. The immune serum 
was titrated against normal corpuscles, guinea pig complement was 
used doses 0.1 cubic centimeter, and the experiment 
arranged indicated table 


TABLE II. 
Comple-| Ambo- 
Dog 51. Splenectomy, 
46. Splenectomy, 
24. Splenectomy, 
Feb. 
Immune 
serum, 
43. Immune 
serum, 


Technical limitations prevent, this experiment, close esti- 
mation resistance possible with hypotonic salt solution, but 
can seen readily that whereas dilutions 1/20 and 1/50 pro- 
duced complete hemolysis normal corpuscles, the corpuscles 
the abnormal animals were resistant these dilutions. The fact 
that the corpuscles dog 24, which had been splenectomized four 
months previously, were most resistant shown the fact that 
whereas partial hemolysis appeared all other corpuscles dilu- 
tions 1/250 and 1/300, the corpuscles this dog resisted com- 
pletely hemolysis such dilutions. Here again the results with the 
blood dog demonstrate that the administration hemolytic 


injecting the rabbit five times with c.c. dog blood, 
intervals five seven days. 

hemolysis. 


= 
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serum increases the resistance the red cells, irrespective 
splenectomy. 

Since has been shown Karsner and that agglutina- 
tion limits hemolysis, was considered wise avoid possible error 
due such action. The agglutinative effect the immune serum 
was therefore examined the same dilutions were used for 
hemolysis. was found that the agglutinability the corpuscles 
was the same for all bloods except that dog 43, the corpuscles 
which formed somewhat smaller and less firm clumps than the others, 
but agglutinated the same time and the same dilutions the 
rest. was thus conclusively shown that the variations resist- 
ance hemolysis not depend variability agglutination. 

The fact that washed corpuscles were used the experiments 
with immune serum would indicate that the increase resistance 
indeed property the corpuscles themselves, but order 
prove this point absolutely, the sera all six dogs were examined 
for antihemolytic properties. has been shown Karsner and 
that fresh dog serum has definite antihemolytic property 
homologous hemolytic system. the experiments designed 
determine whether this property augmented after splenectomy, 
immune serum was carefully titrated with constant dose 
guinea pig complement. Two rows tubes were used; the 
tubes one row were placed 0.5 cubic centimeter dilution 
dog serum, indicated table III, and one dose (0.5 cubic 
centimeter) amboceptor. the second row the same amount 
dog serum and two doses amboceptor were placed. The tubes 
were then incubated for one half hour, and the first row one dose 
complement was added, the second row two doses comple- 
ment, and all the tubes the proper amount per cent. blood 
suspension. The second incubation lasted one hour and the read- 
ings were found uniform throughout. The results are shown 
table III, which, however, order avoid unnecessary dupli- 
cation, the results with two sera only are given. 


T., and Pearce, M., The Antibodies Produced Various 
Constituents Dog’s Bile, Jour. Med. Research, 1912, xxvi, 357. 
Karsner, T., and Pearce, M., loc. cit. 
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TABLE III. 


(normal) dose amboceptor 
tions indicated doses complement 
plus doses amboceptor 

Serum dog 
(splenectomy dose complement 
serum April 16) complement 
plus 


seen that all the dilutions dog serum used, the action 
one dose amboceptor and complement was hindered, but 
none the dilutions was the antihemolytic property sufficient 
hinder the action two doses complement and 
Weaker dilutions were not considered necessary because seems 
certain that between the action dilution 1/64 one dose 
hemolysin and whole serum two doses, fine gradation 
could exist. 

determining the complement value dog serum, was thought 
best use sheep hemolytic system. The anti-sheep 
was titrated with normal dog complement and the approximate com- 
plement value determined. Then two series tubes were arranged 
with one dose amboceptor, the proper amount per cent. sheep 
blood suspension, and the first row increasing doses fresh 
serum from the six dogs. The second row was placed that each 
tube contained corresponding ingredients those the first row 
except that anti-sheep amboceptor was present. The latter 
series showed the natural amboceptor the dog serum. was 
found that the natural sheep hemolysin was the same all except 
one. spite this the complement value was precisely the same 
all six animals. The results with one animal are charted (table 
IV) show the technique. 


TABLE IV. 


Dog complement (June 15, 0.02 0.04 0.07 


Dog (normal) 


ate 
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DISCUSSION. 


These studies demonstrate conclusively that the 
sistance the erythrocytes the splenectomized dog depends upon 
the corpuscles rather than the serum. Pel’s experiments demon- 
strated this fact far the resistance hypotonic salt solu- 
tions concerned, and the experiments reported this communica- 
tion not only confirm Pel’s observations but add positive evidence 
resistance immune serum; and they demonstrate, moreover, that 
the serum the splenectomized animal presents change com- 
plementary activity and distinct increase antihemolytic prop- 
erty. This demonstration conclusive, for the hemolysis 
vivo well vitro three components are the corpus- 
cles, the amboceptor, and the complement. anticomplementary 
substances were present the blood, they would effective 
diminishing the complementary action the animal’s serum. 
the complement itself were small amount diminished activ- 
ity, would seen the results the test-tube experiments. The 
amboceptor the constant and controllable factor the experiment 
and the only uncontrollable agent this connection anti-ambo- 
ceptor antihemolysin, which, from the results our experiments, 
not found the three splenectomized animals, the animal 
which had been given immune serum, greater amounts than 
normal dogs. The remaining factor the red blood corpuscle it- 
self; and that this cell that the increased resistance lies 
shown these experiments, which demonstrate beyond question 
that the corpuscles the splenectomized animals and the animals 
which had been given immune serum exhibit distinctly increased 
resistance the definitely controlled action specific amboceptor 
and complement. 

Why the absence the spleen increases the resistance the red 
cells still open question, but the information obtained this 
study, excluding does changes the serum, narrows the 
problem the red cells themselves. great significance are the 
results the study the blood dog 43. This blood was used 
serum might have caused the production antihemolysin. But 
this was not demonstrable either this dog dog 24, which also 
had received hemolytic serum. 


778 Blood Destruction and Regeneration. 


The conclusion unavoidable that the increased resistance the 
corpuscles, after the use such serum, associated with the 
anemia caused the hemolytic serum. This increased resistance 
red cells anemia not uncommon, and, has been stated, has 
been brought forth Bottazzi, connection with the action 
pyrodin, explanation the increased resistance the red 
cells this drug after splenectomy. That the increased resistance 
may due splenectomy alone and entirely independent 
the action hemolytic substance introduced from without, shown 
the experiments with the blood dogs and 46, and has also 
been clearly demonstrated the first and third communications 
this series. One cannot therefore escape from the conclusion that 
the increased resistance the red cells concomitant the re- 
generation the blood which follows the anemia caused the re- 
moval the spleen. That anemia does follow splenectomy has 
been shown many investigations, and recently has been demon- 
strated anew this laboratory that the return the 
blood picture normal accompanied increased resistance 
the red cells hemolytic sera has been shown the third com- 
munication this series, which also has been demonstrated 
that anemia has important bearing the production hem- 
olytic jaundice. 

The. main problem therefore the explanation the anemia 
following splenectomy. The possibility that this anemia may 
due autohemolysin normally neutralized the spleen, but 
operative the absence the spleen, excluded the control 
experiments here presented. There remains therefore the question 
how the spleen regulates controls otherwise concerned 
the general process blood destruction and regeneration, and 
obtain information this point, the changes the lymph nodes and 
bone marrow, after splenectomy, are now receiving especial con- 
sideration. 


CONCLUSIONS. 


The erythrocytes splenectomized dogs show increased re- 
sistance the action hypotonic salt solutions and specific 


H., Experimental Study the Changes the Blood 
Following Splenectomy, Arch. Int. Med., 1912, ix, 
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hemolytic immune serum. The degree resistance appears 
increase with the length time that has elapsed after splenectomy. 

This increased resistance the erythrocytes not due 
increased antihemolytic power the animal’s serum dimin- 
ished complementary value the serum, but property depend- 
ing upon the erythrocytes themselves. 

Non-splenectomized animals receiving single injection 
specific hemolytic immune serum and developing temporary 
anemia show likewise recovery increased resistance the 
corpuscles without the presence antihemolysin demonstrable 
amount. 

anemia varying grade characteristic result splen- 
ectomy, would appear that the increased resistance the cor- 
puscles concomitant the regeneration the red cells follow- 
ing such anemia and thus analogous the increased resistance 
such cells not infrequently observed various forms experi- 
mental anemia. 

There evidence indicate that the anemia after splenec- 
tomy due the presence hemolytic bodies, that the increased 
resistance the cells due antihemolytic bodies, accumulating 
the serum the result the ablation the spleen. evident 
therefore that the spleen some way controls regulates blood 
destruction (and regeneration ?), and the hope throwing light 
the subject, investigation the bone marrow and lymph 
nodes splenectomized dogs now under way. 


THE RELATION THE SPLEEN BLOOD DESTRUC- 
TION AND REGENERATION AND 
HEMOLYTIC JAUNDICE. 


CHANGES THE ENDOTHELIAL CELLS THE NODES 
AND LIVER SPLENECTOMIZED ANIMALS RECEIVING 


RICHARD PEARCE, M.D., AUSTIN, M.D. 


(From the John Herr Musser Department Research Medicine the 
University Pennsylvania, Philadelphia.) 


the course our the relation the spleen 
blood changes and jaundice, routine histological examinations 
have been made. These have, for the most part, revealed only the 
well known lesions—liver necrosis, the degenerations occurring 
epithelial organs, exudative lesions the kidneys, and the general 
hemorrhages described various who have studied the 
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action hemolytic serum. The liver and lymph nodes, however, 
presented small group animals changes which appear 
significance connection with the general problem blood 
destruction the absence the spleen. The most striking these 
changes, and the one that shall describe, the great increase 
the phagocytic power the endothelial cells the liver and lymph 
nodes for red blood corpuscles. 

not our intention discuss the literature concerning the 
destruction red cells. This has been well presented 1893 
and 1901 Hunter.* The more recent literature 
has added little either fact theory that new. Out the 
mass contradictory statements there uniformity opinion 
only two points: (1) that large endothelial cells the spleen 
(the red blood corpuscle-carrying cells) have the power engulf 
red blood cells; and (2) that the presence (in anemia and malaria) 
blood pigment the cells cells) the liver capillaries 
indicates that these cells play some part the destruction red 
blood cells. the other hand, not generally admitted that the 
endothelial cells the lymph nodes likewise have this power. 
That phagocytosis red cells, wherever occurs, leads ultimately 
the freeing hemoglobin which eventually reaches the liver and 
transformed into bile pigment the opinion all who support 
the theory that this mechanism plays part the destruction 
red blood cells. There is, however, uniformity opinion 
whether the hemoglobin free the liver from red cells carried 
there the phagocytes whether set free the phagocytes 
elsewhere and carried the liver another way. 

only with one phase the subject, the endothelial 
cells engulfing red cells the absence the spleen, that are 
concerned. Our hypothesis that the absence the spleen the 
endothelial cells the lymph nodes and liver compensate for the loss 
similar cells the spleen. 

This possibility was first brought our attention the routine 
examination tissues from splenectomized dogs which had re- 
ceived specific hemolytic immune serum. striking were some 


D., Ueber die normale mit besonderer Beriicksichtigung 
der der Milz, Beitr. path. Anat. allg. Path., 1893, xiv, 351. 
W., Pernicious Anemia, London, 1901. 
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the pictures, that undertook, for the sake control, the study 
the liver and lymph nodes from number normal dogs, 
normal dogs receiving hemolytic serum, and dogs which had 
been splenectomized for various lengths time, but which had not 
received hemolytic serum. 

Lymph Nodes.—The lymph nodes studied have been, for the most 
part, the mesenteric, gastrohepatic, prevertebral, and bronchial. 
the normal animal these have been examined more particularly for 
the frequence mitosis, for the number endothelial cells the 
sinuses, and for the presence cells containing red blood corpuscles. 
Careful study nodes from five normal animals showed that 
mitotic figures are found only after prolonged search and are usu- 
ally limited the follicles. The number endothelial cells varies, 
but usually not great, and they never occur large masses the 
sinuses. These cells, however, not infrequently contain old blood 
pigment, and occasionally cell may seen containing one two 
red blood corpuscles. 

The lymph nodes five animals splenectomized for (2), 
39, and days and not subjected the action hemolytic serum 
have been studied the same way. two animals representing 
respectively and days, the lymph nodes differed way from 
the normal; the other animals mitotic figures were abundant 
the follicles and the endothelial cells the sinuses were greatly 
increased number. Prolonged search, however, failed demon- 
strate mitotic figures the latter cells, and although they occasion- 
ally contained one two red blood corpuscles, this power phago- 
cytosis did not appear greater than the non-splenectomized 
animal. The increase number endothelial cells was, however, 
very striking. 

The literature splenectomy offers little aid determining 
the histological changes occurring the lymph nodes after removal 
the spleen. the literature our disposal definite de- 
scriptions have been found except those Warthin,® who found 

The Changes Produced the Hemolymph Glands the 


Sheep and Goat Splenectomy, Contributions Medical Research, Dedicated 
Victor Clarence Vaughan, Ann Arbor, 1903, 216. 
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sheep and goats increase the phagocytic power the endothe- 
lial cells for red blood who worked with the 
guinea pig, states that transient increase the red blood corpus- 
cle-carrying cells may possibly occur early periods after splenec- 
tomy, but that after three six months they are more abundant 
than the normal animal. 

The lymph nodes five normal dogs which had received specific 
hemolytic immune serum and had died been chloroformed after 
periods varying from twenty-four hours nine days, showed the 
lesions usually described common various cytotoxic sera and 
especially lymphotoxic These are edema, increase poly- 
morphonuclear leucocytes, focal areas necrosis, abundant mitotic 
figures the follicles, and slightly greater frequence large en- 
dothelial cells capable phagocytosis red cells. 

animals that had been splenectomized and had received hem- 
olytic serum well, twelve were available for histological examina- 
tion. these, three showed change the lymph nodes and 
five showed well marked increase the number endothelial 
cells the sinuses, but increase power phagocytosis. 
the four remaining animals the sinuses contained great number 
large endothelial cells filled with red blood corpuscles. The analy- 
sis these findings somewhat difficult, three factors must 
considered: (1) the length time after splenectomy; (2) the 
lapse time between administration hemolytic serum and the 
death the animal; and (3) the degree red cell destruction 
caused the serum. 

These factors are brought out the following table. 


also describes new formation hemolymph nodes. This 
have not observed any the nineteen splenectomized dogs. This, however, 
not surprising the demonstration hemolymph nodes the dog 
difficult, and, moreover, only three our animals have survived splenectomy for 
more than four months. 

Gabbi, D., loc. cit. 

S., The Pathology Lymphotoxic and Myelotoxic Intoxication, 
Univ. Penn. Med. Bull., 1902, xv, 287. 

Bunting, H., The Effects Lymphotoxins and Myelotoxins the 
Leucocytes the Blood and the Blood-Forming Organs, Univ. Penn. Med. 
Bull., 1903-04, xvi, 200. 
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Period 
Period after Effect serum. Histology. 
No. tomy. serum. 
mos. hrs. Severe jaundice marked phagocytosis red 
cells. 
cells. 


Vil dys. dys. Jaundice Proliferation endothelial cells. 
jaundice Negative. 
103 dys. |No hemoglobinuria 
(spontaneous jaun- 
dice) Proliferation endothelial cells. 


XII dys. dys. Jaundice Proliferation endothelial cells. 


From this analysis seen that the proliferation the endo- 
thelial cells did not occur the animals (V, and splenec- 
tomized for periods from three fifteen days, but was evident 
five (VI, VII, VIII, XI, and XII) which the time elapsing 
since splenectomy was 103 days. the other hand, the 
lymph nodes these animals did not present evidence increased 
phagocytosis red cells. Whether this was due the period 
which had elapsed (three fifteen days) since injection serum 
cannot determined, but this was probably the case. Certainly 
was not due failure hemolysis, for least two these 
animals (VI and VIII) presented evidence extreme blood de- 
struction. That the period time elapsing may important 
factor shown the fact that all animals (four) presenting evi- 
dence extensive phagocytosis red cells represent periods 
eighteen forty-eight hours after injection the serum. the 
absence exact knowledge the length time necessary for the 
destruction red cells phagocytic endothelial cells, useless 
offer surmises, but one cannot escape the fact that this inves- 
tigation all evidence active phagocytosis seen animals dying 
within forty-eight hours. possible therefore that the destruc- 
tion red cells phagocytosis may completed within forty- 
eight hours and this view supported the frequence with which 
pigment found the lymph nodes later periods. 
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also evident that the time elapsing since splenectomy bears 
relation the occurrence phagocytosis red cells, for the 
most marked example the latter was seen dog dying three 
days after splenectomy, while moderate and well marked phagocy- 
tosis occurred likewise after and months. 

the stellate endothelial cells (Kupfer’s 
cells) the liver has been rendered difficult account the 
intense congestion and abundant necroses which occur after the 
administration hemolytic immune serum. For this reason 
have not always been able correlate the evidence phagocy- 
tosis the liver with the lesion described the lymph nodes during 
the early (forty-eight hour) period. Definite evidence, however, 
phagocytosis has been found four animals, representing periods 
and days after the administration serum, and repre- 
senting, respectively, periods days, months, days, and 
days after splenectomy. Also fifth animal, twenty-five days 
after splenectomy, and fifteen days after the administration the 
serum, the cells the capillaries contained small balls yellow pig- 
ment, apparently representing altered hemoglobin. 

controls have examined the livers several normal dogs 
and nine splenectomized dogs not receiving serum, but without 
finding evidence phagocytosis the part the cells the 
liver capillaries, proliferation these cells. The splenecto- 
mies this series represented periods from three eighty-four 
days, five under ten days and three over twenty days. 

Likewise have examined the livers nine normal dogs re- 
ceiving hemolytic serum. two these the endothelial cells ap- 
peared increased somewhat number, and undoubted evi- 
dence phagocytosis could obtained. other livers examined 
showed changes the cells the capillaries. 

The details some these observations follow: 


Rep CELLS STELLATE CELLS THE LIVER. 


Dog 32.—Splenectomy was performed under ether anesthesia July 10, 
spontaneous jaundice was noted March 1912, and specific hemolytic 
immune serum injected intravenously this date. Hemolysis resulted. The 
red cells dropped within three hours from 6,120,000 5,200,000 per cubic milli- 
meter, and the hemoglobin, after twenty hours, per cent. Death occurred 
after forty-eight hours. 
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liver cells are pale, granular, stain poorly, and present here 
and there small areas focal necrosis. The capillaries are dilated and contain 
much granular material and, seen the low power, numerous isolated round 
and oval clumps red blood corpuscles. higher power the microscope 
these clumps red cells are found be, large part, within endothelial cells 
(figure 4). Some the red cells stain well with eosin, others appear 
shadows. Other endothelial cells are seen which contain mere fragments red 
cells masses granular, yellow pigment, large, yellow hyaline balls 
apparently fused, red cells. Attempts demonstrate similar phagocytic cells 
the large vessels the liver and other organs failed; they were present, 
however, the sinuses the lymph nodes. 


Rep CELLS ENDOTHELIAL CELLS THE NODES. 


Dog was performed under ether anesthesia March 11, 
and hemolytic serum administered intravenously March 14. Death occurred 
March after reduction red cells 1,960,000 and hemoglobin per 
cent. Hemoglobinuria was marked. 

mesenteric lymph node shows hemorrhage, edema, and exten- 
sive infiltration with polymorphonuclear leucocytes. The sinuses, both peripheral 
and central, are closely packed with large, pale, endothelial cells, nearly all 
which contain red blood cells, single high power field showing thirty forty 
phagocytic cells (figures and 2). The number engulfed red cells varies but 
usually large, ten twenty not infrequently being found single cell. 
many endothelial cells, the other hand, the red cells have fused form 
large, round, oval hyaline masses still staining deeply with eosin. Between 
the phagocytic cells much granular, eosin-staining material suggesting dis- 
integrated red cells, mingled with serum, through which run irregular threads 
fibrin. Here and there the follicles are small areas necrosis. Moderate 
leucocytic infiltration seen throughout the section. Phagocytic cells cannot 
demonstrated the blood-vessels tangle lymphatic vessels present 
one side the node. 

nodes (gastrohepatic, prevertebral, and bronchial) present the 
same lesions. 

The liver this animal showed widespread necrosis but the non-necrotic 
areas phagocytic endothelial cells are found the capillaries (figure 3). 


SUMMARY. 


large proportion dogs that have been splenectomized for 
periods two weeks more, one finds great increase the 
number endothelial cells the lymph nodes. most splenec- 
tomized dogs that succumb injection hemolytic immune 
serum within forty-eight hours, the sinuses the lymph nodes con- 
tain large numbers endothelial cells, phagocytic for red cells. 
This not seen normal dogs receiving hemolytic serum. 
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wise similar power phagocytosis seen frequently the stel- 
late cells the capillaries the liver. Both the lymph nodes 
and the liver these cells appear formed situ; find 
evidence that they have been transported these organs. 

Such findings suggest the development compensatory func- 
tion the part the lymph nodes and possibly the 
mally the spleen contains cells which have the power engulf and 
presumably destroy the red blood corpuscles. certain patho- 
logical conditions this function frequently greatly augmented and 
may sometimes shared the lymph nodes, for example, ty- 
phoid fever, was first clearly shown Our observa- 
tions suggest that the absence the spleen, this function 
forming red blood corpuscle-phagocyting cells, normally minor 
activity the lymph nodes, becomes highly developed the latter 
organs, and that these cells, and the stellate cells the liver, thus 
assume, part least, the function destroying red blood cor- 
puscles phagocytosis. 

view the somewhat limited material our disposal, 
offer this, not definitely conclusive, but evidence which, con- 
nection with the work others, highly suggestive the pos- 
sibility the lymph nodes assuming some the function the 
spleen. 

Whether this activity the endothelial cells the lymph nodes 
and the liver has any bearing the anemia that follows splenec- 
tomy and the occurrence spontaneous jaundice the late 
periods after splenectomy, not yet clear. 


Mallory, B., Histological Study Typhoid Fever, Jour. Exper. Med., 
1808, iii, 611. 
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EXPLANATION PLATE 77. 


The drawings were made with the camera lucida and with Spencer micro- 
scope, objective, mm., ocular, 

Figures and represent lesions dog that was splenectomized 
March 1912, received hemolytic serum March 14, and died March 15. 
The actual lapse time was about thirty-six hours. 

Fic. Peripheral sinus mesenteric lymph node containing large num- 
bers endothelial cells filled with red blood corpuscles and occasionally also 
polymorphonuclear leucocytes. 

Fic. cells central sinus the same lymph node. 

Fic. section liver with two Kupfer cells containing red blood 
corpuscles. 

Fic. figure but from dog that was splenectomized 
July 19, 1911, received hemolytic serum March 1912, and died after forty- 
eight hours. 
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NITROGEN RETENTION THE BLOOD EXPERI- 
MENTAL ACUTE NEPHRITIS THE CAT.* 


OTTO FOLIN, HOWARD KARSNER, 
AND DENIS, 


(From the Laboratory Pathology (Phillips Fund) and the Laboratory 
Biological Chemistry the Harvard Medical School, Boston.) 


The literature and problems experimental nephritis have been 
recently considered and therefore unnecessary 
repeat them this time. Considerable work has been done the 
subject nitrogen metabolism acute nephritis and somewhat 
variable results have been attained. The development the color- 
imetric methods for nitrogen determinations the blood? has 
opened new fields for work, and the object the present study 
discover from the standpoint blood analysis the possible re- 
tention nitrogen experimentally produced nephritis. 

The types nephritis selected for the study are those produced 
uranium nitrate, potassium chromate, and cantharidin. 
This study must therefore looked upon preliminary more 
extensive series other types acute nephritis. brief descrip- 
tion the type nephritis produced the cat the poisons 
mentioned precedes each group experiments; more extensive 
study the anatomical lesions found the cat will made the 
subject separate report. 

The cats were kept under observation for from week ten days preceding 
the experiment. The animals were fed and bled The diet, 
meat diet, was regulated keep the weight constant, and frequent 


examinations the urine were made order sure that the animal had 
normal kidneys. All injections the poisons were and the blood 


Aided grant from The Rockefeller Institute for Medical Research. 
Received for publication, July 31, 1912. 

M., The Problems Experimental Nephritis, Harvey Lectures, 
1909-10, Philadelphia and London, 1910, 17; also Int. Med., 1910, 133. 

Folin, O., and Denis, W., Protein Metabolism from the Standpoint Blood 
and Tissue Analysis, Jour. Biol. Chem., 1912, xi, 164; New Methods for the 
Determination Total Non-Protein Nitrogen, Urea and Ammonia Blood, 
Jour. Biol. Chem., 1912, xi, 527. 
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was obtained aseptic puncture the heart. Heart puncture was found 
satisfactory unless extremely large needle was used. The blood was meas- 
ured volumetric pipettes. Five c.c. were withdrawn from the larger cats, c.c. 
from the smaller animals, the amount being constant throughout each experi- 
ment. Further details the technique are described the second paper 
Folin and Denis.* 

Albuminuria was routinely tested for both the heat and acid and the 
nitric acid contact methods. The examination for casts was made centrifuged 
specimens urine, but frequently was unsatisfactory because the large 
amounts fat the urine and the rich crystalline sediment. 


URANIUM NEPHRITIS. 


The most marked change histologically the epithelium, 
where cloudy swelling found very extensive, the later 
stages going complete necrosis. The glomerular tufts show 
moderate intercapillary proliferation which later stages ob- 
scured the pushing back into the subcapsular space epithelium 
the type found the proximal convoluted tubules. 

Four cats were used follows: 

Cat 3,550 gm. Given 0.002 gm. uranium nitrate subcutaneously. 


Bled the day. Killed the day. Slight albuminuria the and 
days. Few granular casts. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 32° 
hrs. after injection. 


Cat 1,700 gm. Given 0.0008 gm. uranium nitrate subcuta- 
neously. Bled the 3d, 5th, 7th, and oth days. Killed the 9th day. Marked 
albuminuria the 6th day, then slight until termination. Few granular casts 
earlier days. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen 
Before injection. 
hrs. after injection. 
hrs. after injection. 
168 hrs. after injection. 
216 hrs. after injection. 


Cat 3.—Weight 4,000 gm. Given 0.002 gm. uranium nitrate subcutaneously. 
Bled the 2d, 6th, and 8th days. Found dead cage the oth day (hemo- 
pericardium). Marked albuminuria the earlier days remaining considerable 
the end the experiment. 

Folin, O., and Denis, W., loc. cit. 

figures represent milligrams nitrogen 100 gm. blood. 


_ 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
168 hrs. after 100 
216 hrs. after injection. 


Cat 1,540 gm. Given gm. uranium nitrate subcuta- 
neously. Bled the 4th, 6th, days. Allowed live. Albuminuria 
marked until the 8th day, very slight thereafter, disappearing the 14th day. 
Hyaline and granular casts persisted until the 2oth day. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
144 hrs. after injection. 
192 hrs. after injection. 
240 hrs. after injection. 


The doses uranium nitrate employed were sufficient pro- 
duce well marked nephritis anatomically, most severe the case 
cat cat also showed the most marked albuminuria and 
the highest nitrogen content the blood after injection. The dose 
uranium was proportionately very little larger than that given 
cat but the process evidently was more severe both anatomically 
and functionally. can fairly said that the lesion produced 
the injection uranium nitrate results the accumulation 
non-protein and urea nitrogen the blood much excess the 
normal amount, and far these experiments go, roughly 
accordance with the degree albuminuria and anatomical lesions. 
all cases the retention appeared within hours, persisted for 
long 216 hours, and one case returned normal after 240 
hours. 

CHROMATE NEPHRITIS. 


The kidney lesion almost purely tubular type, the epithe- 
lium showing marked cloudy swelling and the appearance hyaline 
droplets, the latter particularly the distal convoluted tubules. 
The glomeruli occasionally show slight leucocytic infiltration 
even early intercapillary proliferation, but for the most part are 
entirely free involvement other than congestion. 


Cat 5,450 gm. Given 0.010 gm. potassium chromate subcuta- 
neously. Bled the and 4th days. Albuminuria slight from the day 
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the end the experiment. granular, and fatty casts the day. 
Killed the 4th day. 


Non-protein 


Time bleeding. nitrogen mg. Urea ritrogen mg. 
Before injection. 
hrs. after injection. 
hrs. after injection. 


Cat 6—Weight 3,980 gm. Given 0.015 gm. potassium chromate subcuta- 
neously. Bled the 2d, 4th, 6th, 8th, and days. Albuminuria the 
day becoming progressively worse. Refused eat after the 8th day. casts 
any time, but much epithelium and granular material sediment. Killed 
the day. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection week). 
hrs. after injection. 
hrs. after injection. 
120 hrs. after injection. 
168 hrs. after injection. 
216 hrs. after injection. 


Cat 2,250 gm. Given 0.010 gm. potassium chromate subcuta- 
neously. Bled the 3d, 5th, and 7th days. After bleeding the 7th day, 
second dose 0.020 gm. potassium chromate was given, and bleedings were 
continued the oth, 11th, and 14th days. Albuminuria did not appear until the 
day and was slight until after the second chromate injection, becoming marked 
the oth, and 11th days, but disappearing the 14th day. Casts did 
not appear until after the second injection, few granular casts being found 
the 8th day. 


Non-protein 


Time bieeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
hrs. after injection. 
144 hrs. after injection. 
192 hrs. after injection. 
216 hrs. after injection. 
312 hrs. after injection. 


Cat 1,620 gm. Given 0.015 gm. potassium chromate subcuta- 


neously. Bled the day. Slight albuminuria the day. Killed 
the day. 


Non-protein 


Time bieeding. nitrogen mg. Urea nitrogen mg, 
Before injection. 
hrs. after injection. 


The accumulation nitrogen the cats injected with potassium 
chromate obviously less marked than the uranium animals. 
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cats and the accumulation appeared progressive, reach- 
ing its height several days after injection. the case cat 
second injection during the course the disease appeared in- 
crease the blood nitrogen considerable degree, more than would 
have been expected the natural course events one might 
judge from cat The degree retention apparently not 
all proportional the dose drug employed but roughly 
accordance with the degree albuminuria. The return normal 
appeared severe case (cat after 216 hours, and less 
severe case after hours. 


CANTHARIDIN NEPHRITIS. 


Both glomeruli and epithelium show extensive lesions. The 
glomeruli show well marked intercapillary and intracapillary prolif- 
eration and moderate leucocytic infiltration. The lesion the 
glomerular tuft more marked than either the other forms 
studied. tubular epithelium shows well marked cloudy swell- 
ing and the formation numerous hyaline granules the cells,— 
change almost identical with that seen chromate nephritis. 
Histologically the cantharidin lesion represents the chromate lesion 
with superadded glomerular lesion considerable severity. 


Cat 3,170 gm. Given 0.001 gm. cantharidin acetic ether sub- 
cutaneously. Bled hours after injection and again the 6th day. Killed 
the 6th day. albuminuria hours, moderate albuminuria hours and 
the end the experiment. casts. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
126 hrs. after injection. 


Cat 3,040 gm. Given 0.001 gm. cantharidin acetic ether sub- 
cutaneously. Bled hours after injection and again the 6th day. Slight 
albuminuria hours, disappearing before the 6th day. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
132 hrs. after injection. 


Cat 3,700 gm. Given 0.001 gm. cantharidin acetic ether sub- 
cutaneously. Bled the day and then killed. Slight albuminuria. 
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Non-protein 
Time bleeding. nitrogen Urea nitrogen mg. 
Before injection. 
hrs. after injection. 


Cat 2,870 gm. Given 0.001 gm. cantharidin acetic ether sub- 
cutaneously. Bled the 2d, 4th, and 7th days. Killed the 7th day. Albu- 
minuria the day, disappearing before the end the experiment. 

Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
hrs. after injection. 
144 hrs. after injection. 


Cat 2,760 gm. Given 0.002 gm. cantharidin acetic ether sub- 
cutaneously. Bled the 2d, 4th, and 6th days. Vomited the day and ate 
poorly throughout the experiment. Albuminuria marked end the experi- 
ment. Killed the 6th day. 


Non-protein 


Time bleeding. nitrogen mg. Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
hrs. after injection. 
120 hrs. after injection. 


Cat 14.—Weight 2,700 gm. Given 0.001 gm. cantharidin acetic ether sub- 
cutaneously. Bled the 3d, 5th, and 7th days. Vomited the Ist day and 
ate poorly the 5th day. Marked albuminuria throughout the experiment. 
Killed the 7th day. 


Non-protein 


Time bleeding. nitrogen Urea nitrogen mg. 
Before injection. 
hrs. after injection. 
hrs. after injection. 
144 hrs. after injection. 


the nephritis produced cantharidin the nitrogen retention 
marked the more severe cases. all the animals used, those 
receiving cantharidin were the only ones showing gastro-intestinal 
disturbance. Vomiting frequently appeared within few hours 
after the injection, and anorexia persisted some cases for four 
five days. 

The accumulation blood nitrogen clearly evident all the 
cases; shows dependence the amount cantharidin in- 
jected, but accords with the degree general disturbance and al- 
buminuria; there was discernible ratio between the degree 


= 
1 
q 
= 


Folin, Karsner, and Denis. 795 


anatomical involvement and the nitrogen accumulation. The in- 
creased nitrogen content, not six hours, became clearly 
evident twelve hours, was most marked twenty-four hours, 
and tended gradually subside. 


SUMMARY. 


will seen that uranium nephritis, which involves both 
tubules and glomeruli, the former more markedly than the latter, 
produces marked accumulation nitrogen the blood. Chro- 
mate nephritis, which involves almost exclusively the tubules, pro- 
duces only moderate retention nitrogen. Cantharidin nephritis 
which involves both tubules and glomeruli, the latter more severely 
than does uranium, produces marked accumulation nitrogen, 
beginning early and persisting for period. The ex- 
periments were controlled testing the blood normal cats kept 
under the same conditions, these animals showing only slight vari- 
ations from day day. This general statement accordance 
with the physiological classification these nephritides except that 
the retention uranium occurs early stage, where, according 
the physiological studies Schlayer and his and 
Pearce, Hill, and the vascular changes have not yet 
appeared. must noticed that the three types nephritis 
that form the subject this investigation, anatomical study shows 
the glomerulus distinctly involved the two forms where ac- 
cumulation nitrogen the blood most marked, condition in- 
dicating that although almost pure tubular involvement produces 
only moderate accumulation, the additional involvement the 
glomerulus extremely important leading retention ni- 
trogenous waste products. 


and Hedinger, Experimentelle Studien toxische Nephritis, 
Deutsch. Arch. klin. Med., 1907, xc, Takayasu, R., Ueber die Beziehungen 
zwischen anatomischen und Nierenfunktion bei exper- 
imentellen Nephritiden, idem, 1907, xcii, 127; Schlayer and Takayasu, R., Unter- 
suchungen die Funktion kranker Nieren, med. 
lvi, 2201. 

Nephritis: The Vascular Reactions and the Elimination Nitrogen, Jour. 
Exper. Med., 1910, xii, 196. 
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The accumulation non-protein nitrogen the blood and tis- 
sues not large when compared with the total intake elimination 
nitrogen, and consequently practically impossible means 
ordinary nitrogen equilibrium experiments demonstrate the 
fact the retention, say nothing determining the degree 
accumulation waste products accompanying nephritis. 
both can demonstrated the method employed this research 
clearly shown the figures recorded above. 
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CONTRIBUTION THE PATHOLOGY PRIMARY 
SPLENOMEGALY (GAUCHER TYPE), WITH THE 
REPORT AUTOPSY MALE CHILD 
FOUR AND ONE HALF YEARS AGE.* 


(From the Pathological Laboratory Mount Sinai Hospital, New York.) 
78-84. 


Since the publication the first case this disease Gaucher 
(1) 1882, only nine additional instances have been recorded 
which the diagnosis was made histological examination. The 
eleventh case now reported has the distinction being the 
youngest recorded case which autopsy was performed. 

cases were reported from 1882 until 1895, when Collier (2) 
published the second case. the same year Picou (3) reported 
case before the Anatomical Society Paris, and year later, 
association with Ramond (4), the case was published full. 
The first case this country was described Bovaird (5) 
1900. 1904, collaboration with Brill and Libman (6), was 
privilege demonstrate the specimens two cases, the first 
which was published the following year (7). 

The earliest case German literature was reported Schlag- 
enhaufer (8), who demonstrated the specimens 1906 and pub- 
lished his case detail the following year (9). The seventh case, 
briefly described 1907 von Herczel (10), had been operated 
upon two years before for removal the spleen, but the true nature 
the process was not recognized the time. the same year 
Marchand (11) reported the findings his case, and the specimens 
were demonstrated meeting the German Pathological So- 
ciety Risel (12) 1909. association with Brill and Lib- 
man (13) 1909 had the opportunity publishing the findings 
our second case, and the same year, after having completed 
thorough study Marchand’s case, Risel (14) reported the full 
result his work elaborate and most comprehensive paper. 

Received for publication, July 20, 1912. 
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The tenth case was published Jong and Van Heukelom (15) 

These are the only cases the literature which the diagnosis 
was established anatomically, either examination the spleen 
autopsy. Several the authors just mentioned have noted 
splenic enlargement one more members the same families 
and have included them their tabulated cases this 
asmuch the Gaucher type splenomegaly has been proved 
family form disease, more than reasonable assume that 
their observations and diagnoses were correct, but for scientific 
statistical purposes thought inadvisable include these cases. 
interesting note, however, that the addition such cases 
would bring the total number twenty. 

this connection may stated that the diagnosis was made 
during life and subsequently confirmed only four the authen- 
tic cases. Brill (16) belongs the credit isolating these cases 
from the large group splenic hypertrophies and establishing the 
diagnosis clinical basis. For 1901, Brill, who had observed 
and treated two cases for sixteen years, and this time had con- 
sidered them unique, says: From what has been adduced may 
held that cases correspond only with those described 
Gaucher, Picou and Ramond, Collier, Weichselbaum (even doubt- 
ful), and Bovaird.” The diagnosis both these cases was con- 
firmed autopsy three years The diagnosis Jong and 
Van Heukelom’s case, the family which two other members 
were affected, was also confirmed. the case that serves the 
basis for this paper, the diagnosis was made during life Dr. 
Reuben (17). One other child was affected this family. 
the eleven authentic cases occurred females and 
two males. The male cases are Brill’s first case and the 
present one. 

Before proceeding the history and autopsy findings this 
case, seems advisable sketch very briefly the interpretations and 
conclusions made previous writers. Lack space prevents any 
reference the histories microscopic examinations. 


*In this family there were four cases one generation. 
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Gaucher decided that his case was peculiar idiopathic hypertrophy the 
spleen, and account the histological character regarded primary 
epithelioma that organ. 

Collier described his case endothelioma the spleen. The Morbid 
Growths Committee the London Pathological Society whom submitted 
his slides called attention the presence enormous number endothelial- 
like cells, but decided against its sarcomatous lymphadenomatous nature. 
conclusion the Committee stated that: This appearance similar that which 
not uncommon the lymphatic glands, and was present the lymphatic 
glands the present 

Picou and Ramond declared that the case was primary epithelioma the 
spleen beginning benign process, finally becoming malignant and involving 
the lymph nodes. Cornil, who discussed the case when first reported Picou, 
called attention the similarity the large cells those frequently seen 
glandular hyperplasia, and the distinct connective tissue network between the 
cells. his opinion the process was primary hypertrophy the spleen with 
proliferation the reticulum. 

Bovaird considered the process hyperplasia the spleen char- 
acterized unusual development endothelial cells and the transformation 
considerable part the organ into dense connective tissue.” The same 
process affects the lymph nodes and the liver. confined the latter organ 
the lymph spaces the perilobular connective tissue. The author also sug- 
gests “the action some systemic poison affecting several members 

Brill, Mandlebaum, and Libman stated that the large cells arose directly 
from the endothelial lining the pulp spaces, or, more properly, venous capil- 
laries” the spleen. The presence the large cells the bone marrow was 
noted their case for the first 

Schlagenhaufer concluded that the process was systemic disease the 
lymphatic-hemapoietic apparatus, with proliferation the reticular structures. 
tuberculosis was present his case decided that some toxin, probably 
tuberculous nature but without other manifestations true tuberculosis, was 
the most probable etiological 

von Herczel thought that the spleen was the seat inflammatory 
process benign new growth, and was inclined the latter opinion. The 
microscopic examination was made Krompecher, who stated that the lesion 
was complicated one and very difficult interpret. The slides were sub- 
sequently submitted Risel, who made the correct diagnosis. 


cases will reviewed the order which they appeared the 

sister died the age eight years, and the spleen weighed twenty-five 
ounces. microscopic examination was made. 

sister was under observation with enlarged abdomen and enormous 
hypertrophy the spleen and liver. She was still alive the date publication. 

This case was under treatment for nineteen years, and the first male case 
published. 


marked splenic hypertrophy was present two sisters this patient. 
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Marchand was the opinion that the process not ordinary proto- 
plasmic hyperplasia tumor, but deposit some foreign substance, which, 
after the action certain chemicals, leaves vacuolated network the cells. 
Inasmuch occasionally saw cells with fibrils, finally concluded that the 
cells might have their origin from either reticulum endothelium. 

Brill, Mandlebaum, and Libman stated that the spleen, liver, lymph nodes, 
and bone marrow “show the presence large cells with small nuclei and 
peculiar hyaline cytoplasm, which arise from the endothelium normal retic- 
ulum, and the presence pigment containing iron. The etiology unknown, 
though peculiar susceptibility the endothelium reticulum the hema- 
poietic apparatus some unknown toxic agent most likely present.” They 
also stated that when tuberculosis was found these cases, must considered 
superimposed process. 

Risel, discussing Marchand’s case, considered that the large cells are 
not derived from endothelium but probably arise the reticulum the 
lymphatic-hemapoietic system, the lymph adenoid tissue being unaffected. the 
lymph nodes, however, the cells may arise from the endothelium the lymph 
sinuses late the course the well from the intrafollicular retic- 
ulum. The presence cells the connective tissue spaces Glisson’s capsule 
difficult explain unless one places the liver the lymphatic-hemapoietic 
system, virtue its embryologic importance the process blood forma- 
tion. The presence cells the venous sinuses the spleen difficult 
understand they arise the reticulum, but the author shows how the lining 
membrane the sinus may injured swelling the organ, thus allow- 
ing the cells enter. states that never saw positive evidence direct 
transition reticulum into cells, but the impression was made that such must 
the case. 

10. Jong and Van Heukelom decided that the cells arise from the retic- 
ulum, but stated that the possibility endothelial origin could not denied. 
The liver continued enlarge after splenectomy, and they attribute this 
proliferation the cells previously carried there from the spleen. Their case 
recovered from the operation, and they had opportunity examine the 
liver, nodes, 


The history the present case follows: 


The patient, boy aged years, was admitted Mount Sinai Hospital 
February 26, 1912, the service Dr. 

The father mother are both healthy; history tuberculosis 
syphilis the family. There were four children all; one sister eleven years 
alive and well, and one sister died three years ago, the age eight, having 
had slow but progressive enlargement the abdomen for four years. Her 
liver extended cm. below the free border. The spleen was felt beyond the 
median line, filling the left iliac cavity. There was history hemorrhage 
skin pigmentation. Blood examination: 3,440,000 red cells; 6,200 leucocytes; 


spleen and liver were noted brother and sister. 
wish thank Dr. Lilienthal for his kindness placing the clinical data 
disposal. 
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hemoglobin per cent.; differential count normal. This child suddenly devel- 
oped dyspnea and cyanosis, and died. autopsy was performed. second 
sister, aged nine years, has enlarged liver which can felt two inches below 
the free border, but the spleen not enlarged, the diagnosis still somewhat 
obscure. 

The little boy’s early history was uneventful, except for measles year ago. 
Shortly afterwards was thrown down horse, and the ambulance surgeon 
told his mother that the child had enlarged spleen and liver. Several physi- 
cians were consulted, and finally was brought the service Dr. Herrman 
the Vanderbilt Clinic. Examination this time Dr. Reuben showed 
distinct discoloration the face, from light yellow golden hue, most 
marked the bridge the nose and around the eyes; not dis- 
colored. The liver was palpable the umbilicus; the spleen extended two inches 
below the umbilicus and over the right mammary line. Superficial lymph 
nodes not enlarged; bone tenderness; Wassermann reaction negative. Blood 
examination: 2,208,000 red cells; 500 leucocytes; hemoglobin, per cent.; 
differential count normal; abnormal cells. Dr. Reuben considered this 
case primary splenomegaly the Gaucher type. published his observa- 
tions the time, and referred the case the hospital for splenectomy. 

admission the hospital the only complaint was slight pain the right 
hypochondriac region, and history occasional epistaxis. The physical exam- 
ination corresponded that given above. The urine contained phosphates; 
specific gravity, 1,030. Temperature, 99° F.; respirations, 22; pulse, 104. Blood 
examination this time: 4,000,000 red cells; 4,200 leucocytes hemoglobin, per 
cent.; color index, 0.85. Differential count: polynuclears, 70; large lymphocytes, 
25; small lymphocytes, mononuclears, myelocytes, normoblasts; slight 
poikilocytosis and anisocytosis. 

Splenectomy was performed March 1912, Dr. Wiener. The spleen 
extended downwards the floor the pelvis; extensive adhesions were found, 
the upper pole being attached the stomach; several large veins near the tail 
the pancreas were ligated. The entire operation was completed one half 
hour, the child losing less than one ounce blood. account the large 
amount blood necessarily removed with the spleen, the child received intra- 
venous saline infusion twelve ounces. The condition after the operation was 
good. Blood examination after operation: 3,860,000 red cells; 19,600 
hemoglobin, per cent. Differential count: polynuclears, 72; large lympho- 
cytes, 20; small lymphocytes, Within few hours the temperature rose 
104° F., and the child died the following day. 

The spleen immediately after operation weighed 490 gm. (body weight 
kilos), and measured 9.5 cm. The general configuration was quite 
normal, though the organ was slightly elongated. The surface was smooth; the 
color, peculiar brownish salmon. section, the surface was mottled, due 
the presence transparent pearly areas mixed with minute hemorrhagic spots. 
The pearly areas measured from 0.5 mm. diameter, and were raised 
slightly above the surface; they were from mm. apart. There were 
tubercles present, nor any large nodules areas necrosis, the entire surface 
presenting mottled, homogeneous appearance. 
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AUTOPSY. 


Autopsy was performed six hours after death Dr. Thalhimer. Body well 
nourished; dusky subicteric color skin; pigmentation; edema. Moderate 
rigor mortis and post-mortem discoloration. sutured, surgical incision, cm. 
long, seen the left upper quadrant the abdomen. 

size and color; tricuspid orifice admits index tricuspid 
and pulmonary valves normal. Mitral valve just admits the little finger; slight 
edematous thickening line closure; aortic valves normal; coronaries 
foramen ovale closed. Musculature pale, greyish brown, with translucent, 
hydremic appearance. few fatty streaks are seen the aorta, not continued 
the thoracic abdominal portions. 

adhesions; surfaces smooth; color mottled blackish red and 
pink; same section; crepitation throughout. 

Larynx, Trachea, and Bronchi.—Normal. 

Tracheobronchial Lymph from few millimeters 1.5 
cm. diameter. They are soft, and the color the surface and section 
reddish grey. 

Thymus.—W eight, 6.8 gm. presents two soft, somewhat enlarged, lobes 
pinkish grey color. The cut surface lymphoid character. 

Three parathyroid bodies, mm. diameter, are seen. 
These have normal appearance. 

Abdomen.—No ascites. The site the spleen marked several ligatures; 
oozing from stump. Slight amount fibrin seen overlying the stomach. 
Diaphragm level fifth rib the right, and sixth rib the left side. 

730 gm.; size, 6.5 cm. extends cm. below 
the free border the ribs. The surface smooth and glistening, and the 
color light pinkish yellow; the capsule not thickened. section the same 
color seen; the lobules are but poorly outlined, and some diffuse grey areas 
are noted. few white irregularly shaped areas are present, varying size 
from mm. 1.5 cm. diameter. They are situated around the medium 
sized blood-vessels and slightly raised above the surface. Their borders are not 
well defined, and the outlines the lobules can barely determined them. 
The hepatic vessels and portal vein are normal. the hilus are about twelve 
enlarged lymph nodes, from cm. diameter. These are very friable, semi- 
translucent, and light brownish grey color; section the same color seen 
and they are quite succulent character. The gall bladder and bile passages 
are normal. 

gm. each; color, purplish red; capsules not adherent; 
surfaces are smooth, showing few remains fetal lobulation; normal 

Adrenals.—Normal size and appearance. 

Esophagus.—Normal. 

Stomach.—Mucosa pale, otherwise normal. 

duodenum pinkish grey and studded with pearly 
grey follicles, from diameter, projecting about 0.5 mm. above the 
surface. These follicles become less and less number finally disappear 
cm. below the pylorus. hyperplastic Peyer’s patch, 0.5 cm. size and 
pinkish grey color, present 160 cm. below the pylorus. Towards the cecum 
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these patches become larger and more numerous, but many smaller size are 
seen well. Many Peyer’s patches are bright red color. The last cm. 
the ileum are studded with these patches that the normal mucosa barely 
visible. The large intestines are normal. 

Abdominal Lymph mesenteric and retroperitoneal lymph nodes 
are enormously enlarged, many them being from cm. diameter. 
They are similar appearance those described the hilus the liver. 
few lymph nodes are seen about the pancreas. These are about 0.5 cm. diam- 
eter and have bright red color. 

Pancreas.—Normal. 

Splenic Vein—Enlarged about three times its normal diameter; contains 
fluid blood; intima smooth and glistening. 

Splenic Artery—Similarly enlarged, but otherwise normal. 

Inferior Vena 

Iliac Lymph Nodes.—Enlarged and similar those described the hilus 
the 

Bone Marrow bright red with small white dots. 

Brain and Spinal examined (no permission). 

Two monkeys (Macacus rhesus) were inoculated with emulsion the 
iliac nodes saline About c.c. the emulsion were injected into 
the splenic vein one monkey. This animal died fourteen weeks later and 
enormous dilatation the stomach was found, but sections from the spleen and 
liver were normal. The second monkey received similar amount the emul- 
sion the femoral vein. This animal has remained well the present time 
(about four months) and shows abdominal enlargement tenderness. 


MICROSCOPIC EXAMINATION. 


Smears made from freshly cut surface the spleen shortly 


after its removal were fixed while still moist both acetone and 
methyl alcohol and also heat. Various stains and chemical 
reagents were used ascertain the nature the protoplasm the 
large cells, but specific reactions were obtained any the 
methods. The cells present the general appearances described 
all previous observers, but the peculiar streaked, wrinkled, vac- 
uolated character not well marked fresh smears the 
tissues after fixation and hardening. the smears the outline 
the cell also quite regular, the shrunken appearance entirely absent, 
and the nucleus fairly large and round. The size the large cells 
compared with the erythrocytes and lymphocytes well seen 


the iliac nodes were removed under aseptic precautions for 
experimental purposes. 

wish thank Dr. Leo Buerger for his kindness making these inocula- 
tions for me. 
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figure Many the cells have finely stippled protoplasm, but 
granules pigment particles can demonstrated. few cells 
very large size are seen; one these measures 71.7 100 
microns diameter, and contains thirteen nuclei. 

the smears the erythrocytes are spread and scattered over the 
entire field, and frequently appears though they were situated 
within the large cells. careful examination, however, shows that 
the blood cells are simply adherent the large cells, true evi- 
dences phagocytosis being present. 

Frozen sections were made from the fresh spleen, but distinc- 
tive reactions could found the large cells with the use vari- 
ous reagents and stains. 

Pieces the spleen, well all the organs obtained au- 
topsy, were fixed Zenker’s fluid, formalin, alcohol, Orth’s fluid, 
and acetone, and sections were cut celloidin and 
large variety stains were employed, including the connective tis- 
sue and reticulum methods Mallory, Verocay, and Bielschowsky. 

sections are almost identical with those previously 
studied two adult cases, but some distinctive features, probably 
due the comparatively shorter duration the disease, require 
further description. When section examined with the low 
power, one notices many large, round oval spaces with well de- 
fined outlines. These are the venous sinuses, each which 
more less distended with blood, and rendered conspicuous its 
comparatively empty lumen (figure 2). With the high power 
peripheral layer large cells seen closely united the wall and 
apparently arising from the endothelium the sinus. Some 
the cells are detached and are seen lying free the lumen the 
sinus surrounded blood cells (figure 3). The sections also con- 
tain large number similar alveolar spaces filled with the same 
type large cells, but without any endothelial lining. The large 
cells are identical with those found all the previous cases, and 
require further description. most the sections there are 
strands normal pulp cells situated between the alveoli, well 
apparently normal capillaries (figure 4). 

Here and there are few cells different character, not pres- 
ent our two earlier cases. The cell body has the same general 
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appearance and size the large cells, but even with the low power 
the nucleus large and deeply stained that the cell attracts at- 
tention once. Under higher magnification the nuclear substance 
seen irregular outline and composed from three five 
more nuclei fused into one mass, and rich chromatin. 
karyokinesis present the sections, thought that these cells 
may possibly represent some stage amitotic division, though they 
bear striking resemblance the megakaryocytes the marrow. 

The Malpighian bodies are enormous size this case. the 
previous cases studied, these structures were few number and 
usually normal size and appearance. case the 
average diameter these bodies from 0.6 1.04 millimeters, 
the normal size being from 0.2 0.7 millimeter. One the 
larger these bodies, oval form, measures 1.5 0.8 mille- 
meter, and the keimcentrum, 0.74 0.28. the previous cases, 
isolated groups large cells are seen between the lymphoid cells 
the follicles, often near the peripheral part. 

some the keimcentra there are small masses hyaline ma- 
terial, also atypical lymphoid cells, but distinct cell division 
seen. many the keimcentra the small deeply staining tingible 
bodies Flemming (18) are found. These are contained large 
cells which resemble the other large cells size and shape. Many 
have nuclei and also contain the non-stainable pigment granules de- 
scribed Flemming. These cells have all the appearances 
phagocytes but they are limited entirely the keimcentra. There 
are other evidences phagocytosis and pigmentation. The 
material fixed acetone was examined for erythrocytes the 
large cells, but with negative results. Throughout the sections are 
mononuclear cells with eosinophile granulations. These are some- 
what larger than the lymphoid cells, and the nucleus often small 
and compact. Others have larger vesicular nucleus and resemble 
typical myelocytes. 

Sections stained for connective tissue and reticulum are great 
interest. With the Mallory, Van Gieson, and Verocay methods, 
the connective tissue seen prominently outlining the alveoli, and 
smaller fibers may seen other situations well. With the 
Bielschowsky method, however, the general distribution the retic- 
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ulum and the ramifications the smallest fibrils may readily 
studied. With the low power seen that all alveoli are sur- 
rounded fairly coarse fibers (figure 5). The network ex- 
ceedingly complex and difficult trace, ramifying does all 
directions; but after critical examination may positively 
stated that reticulum fibers are ever seen within the lumen 
the venous sinuses. the thinnest paraffin sections one occasion- 
ally finds parallel row six eight short and coarse fibers 
radially placed the margin sinus. These are branches 
the enveloping reticulum, apparently projecting into the sinus, but 
with careful study these fibers may traced running another 
plane above below the sinus and never into its lumen. The 
sinus wall invariably intact. 

the other alveolar spaces whose outlines are usually well 
defined the venous sinuses, and which first glance may 
mistaken for the latter, fine fibrils are often seen. these situa- 
tions the reticulum consists short, rather blunt fibers projecting 
into the alveolar space, or, very delicate fibrils apparently at- 
tached the large cells and the alveolar wall. Between the 
alveoli the fibers are present such enormous numbers that 
would impossible for any cells present and escape being 
surrounded this network. Therefore impossible deny 
that close relation exists between the reticulum and the large cells, 
even though one cannot find evidences transitional stages between 
them. 

The reticulum encircles the Malpighian bodies very regular 
and uniform manner, the individual fibers being short and delicate, 
asarule. Three four layers fibers, somewhat separated from 
each other, are usually seen. Fibers are also found between the 
lymphoid cells the Malpighian body and the keimcentrum, 
but always small amount. The fibers not appear con- 
nected with either the peculiar cells described the keimcentrum, 
the large cells situated between the lymphoid cells, though must 
admitted that such relation possible. 

There are areas degeneration, necrosis, hemorrhage 
the spleen, and evidences tuberculous process. 

Lymph degree involvement varies considerably 
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the different groups nodes, but the type lesion corresponds, 
rule, with that described other cases. The iliac, mesenteric, 
and retroperitoneal nodes, together with the nodes the hilus the 
liver, show advanced process, while the bronchial and pancreas 
nodes, well those found along the splenic vein, present much 
earlier lesion. 

The retroperitoneal and mesenteric nodes show the greatest in- 
volvement. The follicles are nearly entirely obliterated, but 
considerable adenoid tissue still remains the medullary strands. 
The connective tissue framework apparently normal, but many 
places there are fibers which appear divide the sinuses into 
rather distinct alveoli round oval shape. result, por- 
tions the node closely resemble the pictures seen the spleen. 
The lymph sinuses are easily recognized and filled with large cells. 
The endothelial cells the sinuses are readily seen the whole, 
and the large cells appear closely related them. The sub- 
capsular sinuses and those along the coarser trabeculz are moder- 
ately dilated and filled with lymphocytes, erythrocytes, and large 
cells. The individual large cells are clearly and definitely outlined, 
and there tendency this node towards the formation ex- 
tensive cellular masses the fusion adjacent cells (figure 6). 
pigment present and evidences phagocytosis are wanting. 
Eosinophile myelocytes are found all the sections. With Biel- 
schowsky’s method the reticulum clearly seen, the general ar- 
rangement being similar that described the spleen. The al- 
veolar spaces, rule, are distinctly outlined, but the fibers 
not seem have any apparent connection with the cells within. 
some places, however, the same relationship exists between the 
reticulum and the cells, was noted the spleen. 

The lymph nodes the hilus the liver show the lesion 
advanced degree, mostly the medullary portions, and alveolar 
arrangement similar that noted the retroperitoneal nodes 
present. The follicles, however, are quite different these nodes. 
They are present the cortical zone apparently normal numbers, 
but each follicle strikingly prominent account the hyper- 
trophy the keimcentrum. The tingible bodies Flemming are 
seen here enormous numbers, and account their prominence 
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detailed description may permitted. The cells which these 
bodies are found are round, and measure, average, twenty- 
two microns diameter, but cell occasionally found showing 
ovoid fusiform outline. The cell body consists apparently 
slightly granular cytoplasm which rather large, oval, vesicular 
nucleus containing one nucleolus seen. The nucleus stains readily, 
but the cytoplasm stains but lightly not all. From three four 
twenty more these cells may present keimcentrum. 
The tingible bodies show considerable variation size and shape. 
The diameter varies from 1.45 3.8 microns. Some the smaller 
bodies are quite spherical outline, others show ring shape with 
faint circular outline one side and crescent shaped mass 
nuclear substance the opposite side. few the ring shaped 
bodies have small mass one side and small dot directly op- 
posite, while others are divided biscuit shape. These bodies 
stain intensely with all basic dyes, and from six eight fifteen 
more may found single cell (figure 7). Besides these 
tingible bodies, many the cells contain minute round granules 
yellowish color (cytomicrosomes), which cannot stained. 
None these cells contain any elements showing cell division, 
though the keimcentrum the seat many lymphocytes with the 
customary mitotic changes. Many sections were carefully exam- 
ined discover, the presence these cells other sit- 
uations, but the results were always negative, was finally de- 
cided that the cells are confined the keimcentra. may stated 
passing, that the resemblance these cells protozoa most 
striking times, but they have occasionally been found other 
conditions, this opinion not seriously entertained. That these 
cells are phagocytic character seems definite, but their classifica- 
tion most difficult. Whether they represent peculiar type 
lymphocyte reticulum cell with peculiar properties cannot 
stated definitely this time. 

The distribution the reticulum similar that seen the 
nodes previously described. pigment can discovered these 
nodes. Myelocytes with eosinophile granulations are seen through- 
out the sections. 

The iliac nodes are similar the retroperitoneal nodes, except 
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that typical alveolar arrangement seen, and the individual 
large cells are less distinct account fusion into extensive cellu- 
lar masses. the cortical zone fairly large number follicles 
The tingible bodies are present the keimcentra small 
numbers, but they not seem enclosed the peculiar type 
cell described above. The nodes are somewhat congested and 
minute hemorrhagic areas are seen. pigment can found and 
evidences phagocytosis are absent. Myelocytes with eosinophile 
granules are present. The reticulum has the same relation the 
large cells noted the retroperitoneal nodes, and its distribu- 
tion the follicles and keimcentra appears normal (figure 8). 

The lymph nodes along the splenic vein present quite different 
picture, the lesion being much less advanced than the nodes just 
described. With the low power the appearance that fairly 
normal node showing moderate degree acute congestion. The 
follicles are well preserved, though the keimcentra appear some- 
what large and prominent. The capsule and are 
the sinuses are slightly dilated. With higher amplification one sees 
large cell here and there between the pulp cells. With four milli- 
meter objective possibly four five cells may seen some 
fields; others there are none. the vicinity some the 
follicles, however, small group eight ten cells seen occasion- 
ally. however, the cells occur singly this node and are 
therefore readily studied. Some the cells are found the lymph 
sinuses, but the largest number are irregularly distributed between 
the pulp cells. The reticulum these nodes seems have in- 
timate relationship the large cells, for small fibril appears 
attached most the cells found the pulp. the sinuses, 
however, rule the cells are found lying free. Occasionally 
cell seems have some connection with the endothelium the 
sinus. The reticulum the follicles and keimcentra has appar- 
ent connection with the large cells. 

The keimcentra these nodes resemble those described the 
nodes the hilus the liver, but the large cells with the tingible 
bodies and granules are not numerous. addition the Flem- 
ming bodies, many the cells contain also remnants erythro- 
cytes and small particles pigment, thus establishing the phago- 
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cytic nature these cells beyond question. some the keim- 
centra large cells are found which appear identical with the 
typical large cells the disease. none the other nodes 
examined was this resemblance marked. Some these cells 
contain pigment and erythrocytes, but tingible bodies. Small 
masses slightly granular protoplasm without definite shape, and 
staining faintly with eosin picric acid, are seen many the 
keimcentra. are also present, but mitosis seen 
these cells. 

The pigment these nodes quite abundant. occurs the 
form rounded granules yellow brownish color, and gives 
the reaction for hemosiderin. The pigment never free, but 
always situated cells various sizes. Some these cells are 
filled with pigment granules that the cell bodies are obscured. 
Others contain but few granules and these cells oval vesic- 
ular nucleus seen. Some the cells also contain erythrocytes. 
Many these cells bear certain resemblance size and outline 
the typical large cells, but their identity difficult impossible 
establish account the presence the pigment. close 
proximity some these cells, large cells are seen without any 
evidences whatever phagocytosis. addition the eosino- 
phile myelocytes which are also found all the other nodes, these 
nodes contain quite large number myelocytes with neutrophile 
granulations and many mononuclear cells with coarse, deeply stain- 
ing basophile granules. The latter are metachromatic quality 
and resemble histogenic mast cells more than basophile myelocytes. 
The sections also contain polymorphonuclear cells with eosin gran- 
ulations moderate numbers. 

The pancreas nodes show the presence but few large cells. 
The are rather thick and prominent. Only few fol- 
licles are seen, but the keimcentra the bodies are pres- 
ent the type cell already described. these nodes readily 
seen that the large cells are phagocytes, for many them show 
the presence pigment and erythrocytes most distinctly. The pig- 
ment shows positive iron reaction. myelocytes are 
found moderate numbers. 

The bronchial nodes show considerable number large cells 
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diffusely scattered, also follicles with very prominent keimcentra 
which the Flemming bodies are seen. The large cells are not 
phagocytic, and the only pigment seen anthracotic nature. 
Eosinophile myelocytes are also present these nodes. 

Bone Marrow.—The large cells are very numerous, and the 
sections show degree involvement which approaches that seen 
adult cases long duration. The cells occur mainly exten- 
sive groups, and only here and there are isolated cells observed. 
The larger groups show considerable distortion the cells due 
compression. Vacuoles are quite common, and most the cells 
are elongated and show the wrinkled and striated appearance 
often described (figure 9). Phagocytic cells are not present, how- 
ever, and pigment seen. The empty spaces previously occu- 
pied fat cells are moderate size. The reticulum shows close 
relation the large cells, and fibrils may seen running all 
directions between the cells (figure 10). The capillaries show 
changes. Myelocytes all types are found, well erythro- 
cytes, normoblasts, and few megakaryocytes. and 
neutrophile leucocytes are also present, but small numbers. 
Mast cells are not seen. Small collections lymphocytes repre- 
senting the normal lymphoid tissue the bone marrow are found 
places. careful search was made for the presence true 
follicles and keimcentra described and 
but the marrow much involved the large cells that such 
structures could not found the small remnants lymphoid 
tissue still remaining. 

Smears were made from the fresh marrow the time the 
autopsy. These show the presence large cells well all 
the normal marrow cells. Phagocytes, however, cannot found. 

Liver.—Some portions the organ are quite normal, while 
other parts show the characteristic lesion. With the low power the 
picture that cirrhosis, the interlobular connective tissue being 

(Frankfiirt. Ztschr. Path., 1907, 527) found distinct 
follicles and keimcentra the lower end the femur idiot years old 
with status lymphaticus. 

C., med. 446) examined the marrow 
the long bones twenty-five children, mainly cases rickets. twelve 


cases follicles with keimcentra were found otherwise normal red marrow. 
This condition occurred with and without general lymphatic hyperplasia. 
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much increased amount (figure 11). The large cells are found 
abundance the connective tissue spaces, but the individual cells 
are not easily recognized and are difficult stain. The cells are 
compressed the connective tissue fibers and have flattened and 
wrinkled appearance. None the cells are phagocytic, far 
can determined, and pigment cannot found the liver. The 
lobules are quite normal, but some distortion seen the periph- 
eral parts, due the presence wide bands interlobular con- 
nective tissue. The individual liver cells are fairly normal, though 
coarsely granular appearance seen here and there some cells. 
The sinusoids are more less filled with large cells, and 
here the individual cells are quite well preserved, showing 
more rounded and normal appearance (figure 12). Erythrocytes 
cannot found any the cells. The intralobular veins and the 
branches the hepatic artery show changes. Several large 
cells are seen the lumen large vein cut longitudinally. The 
bile ducts are not increased number and show changes. With 
Bielschowsky’s stain the reticulum shows rather dense mass 
fibers between the lobules, and the meshes individual large cells 
are seen (figure 13). the lobules the reticulum forms delicate 
network fibrils between the columns liver cells, but the large 
cells the sinusoids are way connected with the fibrils. 

The white areas the liver noted the autopsy show coag- 
ulation necrosis surrounded zone fibroblasts. That part 
the organ which these areas are found but slightiy involved 
large cells and otherwise quite normal appearance. There 
evidence tuberculous process the liver. Sections the 
portal vein show lesion. 

follicles Peyer’s patches are markedly hyper- 
and the keimcentra are enormous size. each keim- 
centrum are hundreds tingible bodies, many which are seen 
situated cells considerable size. The latter not appear 
the large cells the disease, but certain resemblance 
them well large lymphocytes noted. The intestines show 
other changes. 

Thymus.—The adenoid tissue appears normal and the organ 
shows histological changes. large cells are present and 
mitosis can found. 
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The other organs examined were the thyroid, parathyroids, lungs, 
heart, kidneys, pancreas, and adrenals. lesions importance 
bearing the disease were found. 


DISCUSSION. 


analysis the cases the literature from the clinical stand- 
point would considerable value, but this aspect the disease 
cannot considered here. There are several features regarding 
the pathology and histogenesis that are equal interest and impor- 
tance. The interpretations made the first observers who believed 
the process either epithelioma endothelioma the 
spleen are longer accepted. Recent writers have attempted 
discover, possible, the origin and nature the large cells. 
Whether the cells originate from endothelial cells from the retic- 
ulum has incited much study and given rise considerable discus- 
sion. The American writers declared that the cells arose from en- 
dothelium, and considered the process endothelial hyper- 
plasia, whereas the German authors decided that the cells were de- 
rived from the reticulum, although the possibility origin 
from the endothelium the lymph sinuses the nodes was men- 
tioned Risel. Marchand, who studied mainly the chemical com- 
position the cells, finally stated that the cells might derived 
from either reticulum endothelium. None the authors could 
find positive evidences direct transition the cells from reticu- 
lum, and although the impression was firmly made that such must 
the case, none the investigators could deny the possibility 
endothelial origin. All authors agree, however, that the cells must 
originate some structure found the lymph adenoid tissue 
the hemapoietic system. 

After study the present case, which the lesions some 
situations were early type, longer appears certain that 
the large cells arise from the endothelium the venous sinuses, 
originally stated. Although they seem close contact 
many places with the endothelial cells, the latter are often differ- 
entiated, especially from the detached large cells the sinuses. 
The endothelial cells usually have more definite spindle shape and 
are smaller size, and the cell body well the nucleus stains 
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much darker than the large cell. also happens that directly be- 
neath the large cells one frequently sees perfectly normal endo- 
thelial cells, and furthermore, transitional forms are never seen. 

assumed that the cells arise from endothelium the 
spleen, not difficult account for their presence throughout 
that organ, one accepts the opinion open vascular system 
the spleen and the ease with which the elements the venous 
sinuses can mingle with the pulp cells. Recent studies have demon- 
strated that gaps are found normally between the endothelial cells 
the venous sinuses well the circular fibers the sur- 
rounding reticulum. When the organ becomes distended these gaps 
naturally become wider and allow cells pass either direction. 
According Mollier (19), the reticulum the pulp and the en- 
dothelial cells the venous sinuses are intimately connected, 
Rossle and Yoshida (20) state that reticulum cells cannot dif- 
ferentiated lymph nodes from the endothelium the lymph 
sinuses. Therefore the presence large cells within the vascular 
and lymphatic channels well their situation the surrounding 
structures easily comprehended. the bone marrow, however, 
the conditions are quite different. difficult, for instance, 
explain the situation the large cells the bone marrow, assum- 
ing that they originate from the endothelial cells the vessels 
the marrow, and there evidence that they are transported 
the marrow through the blood stream. 

Let consider for moment the questions that arise 
assume origin large cells from the reticulum. not 
cult that case account for the presence the cells most 
situations where they are found, and the complex solutions offered 
Risel well Jong and Van Heukelom explain the 
presence the cells the venous sinuses the spleen are longer 
necessary, provided that the open vascular system accepted. 
the bone marrow the situation the cells readily explained 
one assumes that they arise from the reticulum. the liver the 
conditions are quite different, for lymph adenoid tissue not pres- 
ent. That the cells are carried from the spleen the capillaries 
the liver through the portal system accepted all authors, but 
the presence the cells the meshes the interlobular connective 
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tissue more difficult problem which will referred sub- 
sequently. 

From observations made this case, however, does not appear 
conclusive that the large cells arise from the reticulum. 
stated previously the microscopic examination, there are situa- 
tions which the large cells and the reticulum are close contact, 
but the transitional stages are never found. Risel acknowledges 
throughout his work that the absence transitional stage 
important fact. sections, furthermore, evidences retic- 
ulum could found any the venous sinuses. The outlines 
were distinct and the contents readily studied, but the absence 
the smallest fibrils was significant. Wherever the large cells formed 
dense masses, reticulum fibers were seen intimate relation with 
the cells, but the impression was always obtained that this was 
simply contact between the two and not genetic relation. 

the large cells are not derived from either endothelium 
reticulum, there remains but one other element the lymphatic- 
hemapoietic system considered and that the lymphocyte. 
Risel discussed the possibility such origin his case, and 
thought one time that the cells might derived from lymphoid 
elements. called attention the large size the lymphocytes 
the follicles the lymph nodes, but they were smaller than 
the large cells and had somewhat different appearance, and 
failed discover transitional forms the spleen bone marrow, 
this opinion was finally abandoned and decided that they arose, 
not from lymphocytes, but from the intrafollicular reticulum. 
Risel naturally mentions the fact that the large cells were derived 
from lymphocytes, their presence the general circulation might 
expected. Their absence could explained, correctly states, 
account their large size, which would prevent them from filter- 
ing through the lymph nodes and the capillaries liver. 

the present case attention was attracted the marked hy- 
pertrophy the follicles the spleen and the large size the 
keimcentra this organ, well some the lymph nodes, 
and considerable time was devoted the study these struc- 
tures. The keimcentra, especially the nodes showing early 
type lesion, presented appearance unusual activity, and 
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contained many cells peculiar type which have already been 
described. true that these cells were limited the follicles, 
but seems reasonable believe that some changes size and 
appearance might occur after leaving the follicles. That these 
cells have phagocytic properties has already been mentioned, and 
the peculiar vacuolated appearance most the typical large cells 
often gives the impression generalized phagocytosis. Risel 
also describes the phagocytes the spleen, nodes, and bone marrow 
his case. cannot assume, however, that all the large cells are 
actively phagocytic, for intense anemia would quickly 
probable, nevertheless, that all the cells possessed phagocytic 
qualities some stage their existence. mild degree anemia 
seen many the cases during the progress the disease, and 
the bone marrow always transformed into the red lymphoid 
variety. The presence myelocytes the spleen and nodes, 
well the multinuclear cells (megakaryocytes?) seen the spleen, 
leads believe that attempt myeloid metaplasia present 
these organs, the nature compensatory regeneration 
balance the insufficiency the marrow. 

Whether the peculiar large cells the keimcentra are specific 
lymphoid elements, whether they are derived from the reticulum 
cells the keimcentrum, whether they are cells unknown 
origin, cannot stated definitely. That the large cells the 
disease are derived from them seems reasonable assumption. 

previously stated, follicles were found the bone marrow, 
but such structures may have existed here originally, according 
the researches Hedinger and Oehme. The follicles are often 
destroyed difficult locate other organs account re- 
placement the large cells, and this may have occurred the 
present case. 

The lymph adenoid tissue other parts the body, such the 
tonsils and follicles the intestines, has never been involved 
large cells any the reported cases. the present case, how- 
ever, marked activity was noted the follicles Peyer’s patches, 
and many the peculiar cells seen the keimcentra other organs 
were found here. This seems significant view the fact that 
the lymphoid apparatus the intestines bears certain relation 
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the hemapoietic system, and probably assists the production 
lymphocytes. The lesion was confined the follicles, however, 
and the typical large cells were not present. seems possible 
that the keimcentra this situation are incited unusual state 
activity, but that the process never reaches that stage where 
typical large cells are produced. tonsils, unfortunately, were 
not examined this case. 

The resemblance the large cells the keimcentra protozoa 
has already been mentioned. also called attention his case 
the similarity the large lymphocytes the follicles the pro- 
tozoa described Marchand and Ledingham (21) kala-azar, 
and the phagocytes found Sauerbeck (22) experimental 
trypanosome infection. The latter author declares that the phago- 
cytes are derived from large lymphocytes the spleen, lymph nodes, 
and bone marrow, well from the endothelial cells the capil- 
laries the liver. 

this connection attention must called recent work 
Lintwarew (23) the destruction erythrocytes the spleen 
and liver under normal and pathological conditions. The author 
states that certain phagocytes—erythrophages—exist the spleen 
normally, and that blood cells are carried them the capil- 
laries the liver, where the blood pigment changed bile pig- 
ment consequence the destruction the erythrophages. 
pathological processes the phagocytosis excessive, and the irrita- 
tion caused the products disintegration the periphery 
the lobules produces cirrhosis the liver. The destruction 
erythrocytes compensated for change the bone marrow 
the red type. case Banti’s disease which Lintwarew ex- 
amined, erythrophages were found large numbers the spleen 
and liver. author places Banti’s disease, primary splenomeg- 
aly, cirrhosis the liver, and pernicious anemia one group, and 
claims that these various diseases are forms anemia differing 
from each other only the intensity the blood changes. The 
erythrophages originate the follicles the spleen and lymph 
nodes, (the latter were not examined Lintwarew), and certain 
exogenous poisons, such tuberculosis, syphilis, alcohol, and ma- 
laria, well endogenous toxins formed the intestinal tract, 
cause increased production erythrophages. 
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account the rapid disintegration these bodies and the 
difficulty recognizing the erythrocytes them, Lintwarew recom- 
mends that scrapings from the fresh organs examined normal 
saline solution, and that tissues fixed acetone. This was done 
the present case. phagocytes were found the fresh scrap- 
ings, but here and there some the nodes few were seen. 
The phagocytes were not found the enormous numbers de- 
scribed Lintwarew, and none could discovered the spleen 
liver. 

unfortunate that Lintwarew’s observations primary splen- 
omegaly were limited study Schlagenhaufer’s paper and 
comparison the illustrations with his own sections. evident 
that certain similarity exists between Lintwarew’s photographs 
and the drawings Schlagenhaufer’s article, but also apparent 
that the vacuoles shown the drawings were mistaken for ery- 
throcytes Lintwarew. However, quite possible that ery- 
throphages are present large numbers primary splenomegaly 
some stage the disease, but seems incredible, stated above, 
that all the large cells are actively phagocytic. Inasmuch the 
disease chronic one, appears though the phagocy- 
tosis could not excessive for any considerable time. This view 
also corroborated the clinical picture well the absence 
marked anemia. That the disease related some way, 
however, the blood diseases cannot denied, for the tendency 
hemorrhages, the pigmentation the skin and other organs, 
well the presence myelocytes the tissues, would tend 
place that class. remains for future observers ascertain 
the presence phagocytes the various blood diseases, and cul- 
tivate the fresh tissues vitro for the same purpose. 


SUMMARY. 


result this study may stated that primary spleno- 
megaly the Gaucher type distinct disease, related all prob- 
ability the blood diseases. begins usually early age, fre- 
quently affects several members family, and runs chronic 
course. 

The clinical manifestations are: pronounced hypertrophy the 
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spleen, subsequent enlargement the liver, absence palpable 
lymph nodes, absence jaundice and ascites, absence character- 
istic blood changes, discoloration pigmentation the skin, and 
tendency epistaxis other hemorrhages. 

The lesions are found the spleen, lymph nodes, bone marrow, 
and liver. These organs show the presence iron-containing pig- 
ment, and large multinuclear cells with characteristic cytoplasm. 
the early cases peculiar large phagocytic cells arising from atyp- 
ical large lymphocytes are found the follicles (keimcentra) the 
hemapoietic system. After leaving the follicles these cells possess 
phagocytic qualities for certain period. result the phago- 
cytosis the cells enlarge, the nature the cytoplasm changes, and 
the cells acquire characteristic vacuolated and wrinkled appear- 
ance. The cells are carried from the spleen through the portal sys- 
tem the liver, where they are destroyed. The irritation pro- 
duced this destructive process gives rise increase the 
intralobular connective tissue. 

The disease eminently chronic one, without any the mani- 
festations malignancy, and always terminating the result 
some intercurrent affection. 

The etiology unknown, although family predisposition 
some toxic agent which causes irritability the follicles the 
hemapoietic system probably exists. The possibility some pro- 
tozoan infection etiological factor must not overlooked. 
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EXPLANATION 
PLATE 78. 


Fic. Smear from spleen, acetone fixation, Giemsa’s stain. Several large 
cells, some which contain multiple nuclei large size. The remainder the 
field occupied darkly stained lymphocytes and erythrocytes. 400. 

spleen with prominent venous sinuses. sinus dis- 
tended erythrocytes, and with the low power appears quite empty. The 
remainder the field composed large cells irregular alveolar struc- 
ture. few small areas normal pulp tissue are seen the periphery. 


PLATE 


Fic. Section spleen showing the central portion figure under 
higher amplification. Segments three venous sinuses showing the delicate 
walls and the apparent relationship the large cells the endothelium, the free 
cells being surrounded erythrocytes. Three small capillaries transverse 
section are seen the center the photograph; towards the left blood- 
vessel larger size; above the vessels alveolus filled with large cells. 
400. 

Fic. Section spleen showing alveoli filled with large cells. The central 
alveolus surrounded zone normal pulp cells, and the right and left 
small capillaries transverse section are indistinctly seen. 400. 


8o. 


Fic. Section spleen, Bielschowsky’s silver method. The reticulum 
seen surrounding all the alveoli (the larger spaces being venous sinuses), but 
fibers are seen anywhere within the lumen sinus. The bundle fibers seen 


The diameter each photomicrograph reduced about the process 
reproduction. 
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the lower margin the large sinus the right upper part the field does not 
enter the lumen but runs another plane and encircles the sinus. 

Fic. Section retroperitoneal lymph node. Beneath the capsule seen 
the left dilated sinus containing lymphocytes, erythrocytes, and few large 
cells. the central and lower portions the field the cells are large size 
and the contour each cell readily seen. Part alveolar space filled 
with large cells seen above; fairly normal lymphoid tissue present the 
right. 400. 


81. 


Fic. Sections from the keimcentra the lymph nodes the hilus the 
liver showing peculiar phagocytic cells containing Flemming’s tingible bodies. 
some the cells the large nucleus seen, others the nucleus either 
masked out focus. The finer details and contours many these bodies 
are difficult show photograph. 1,000. 


PLATE 


Section lymph node, Bielschowsky’s method. the upper part 
are two alveoli surrounded reticulum. The lower half the field shows 
reticulum fibers and large cells with certain indefinite relationship. Some fibers 
are seen the left among lymphoid cells the margin follicle. 400. 

Fic. Section bone marrow showing compression and elongation the 
large cells, also the vacuoles and wrinkled appearance. Above and the right 
small area normal marrow elements. 400. 


PLATE 83. 


Fic. Section bone marrow, Bielschowsky’s method. The entire field 
composed large cells and reticulum fibers, excepting area marrow 
cells the lower margin. The large cells stain indistinctly, but the nuclei are 
readily seen. Reticulum fibers are seen between most the cells. 

Section liver, Bielschowsky’s method, show the distribution 
the intralobular connective tissue. All the lighter areas represent bands con- 
nective tissue, giving the appearance cirrhosis high degree. The lobules 
are well preserved, but the peripheral portions are somewhat involved the 
connective tissue. 50. 


84. 


Fic. 12. Section liver. The left side the photograph shows the appear- 
ance the large cells the spaces the interlobular connective tissue. the 
right area normal liver cells seen, also few large cells the 
sinusoids. 400. 

Fic. Section liver, Bielschowsky’s method, showing field similar 
figure 12. the left the large cells are seen the intralobular connective 
tissue spaces entirely surrounded reticulum. the right the delicate fibrils 
are seen between the columns liver cells. 400. 


THE SELECTIVE ACTION GENTIAN VIOLET 
CLOSELY RELATED BACTERIAL STRAINS.* 


JOHN CHURCHMAN, M.D., anp HOWARD MICHAEL. 


(From the Pathological Laboratory and the Biological Division the Labora- 
tory the Medical Clinic, Johns Hopkins University, Baltimore.) 


PLATE 85. 


previous selective bactericidal property 
possessed gentian violet was described, and observations were 
reported indicate the nature this chemical affinity exhibited 


study large number representative bacteria. 

was shown that bacteria could sharply divided into two groups their 
behavior toward gentian violet, either staining the organisms directly, and 
then transplanting them ordinary media, growing the unstained organ- 
isms media containing the dye. one the groups bacteria thus dis- 
tinguished, gentian violet prevented growth; the other was without effect. 
The first group contained such organisms subtilis, anthracis, 
mycoides, aureus, albus, Streptococcus, and the other 
group fell typhosus, paratyphosus, coli communis, pyocyaneus, 
prodigiosus, cholere suis, and many others. Organisms whose growth was 
inhibited the dye were referred violet positive, while those whose 
growth was uninfluenced were termed violet negative. The selective action 
the dye was well demonstrated the use divided plates, made con- 
tain plain agar one half and gentian violet agar the other. divided plate 
across which two violet positive and two violet negative organisms have been 
stroked shown figure which illustrates the selective action the dye 
and the technique its demonstration. The effect the dye violet 
positive organism shown figure which represents divided plate that has 
been stroked with seropurulent material from suppurating parotitis typhoid 
fever. the plain agar side the plate number discrete colonies 
aureus are seen growing, while the gentian violet side the plate has 
remained sterile, though the track the inoculating needle plainly marked 
the plate film dried bloody serum. smears from the gentian violet 
half the plate, organisms were found. 


was not expected that closely related organisms would differ 
their behavior toward gentian violet; and was found, general, 
study the effect the dye 138 distinct bacterial species, 
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that nearly allied organisms were similarly affected the stain. 
Bacillus typhosus, for instance, was uninfluenced its growth 
gentian violet; also were Bacillus coli communis, Bacillus paracoli, 
and Bacillus paratyphosus. Again, Bacillus prodigiosus grew luxu- 
riantly the presence the dye; also did Bacillus pyocyaneus, 
Bacillus violaceus, and Bacillus indicus. the other hand, the 
growth Bacillus subtilis was absolutely prevented gentian 
and this was equally true for Bacillus anthracis, Bacillus an- 
thracoides, Bacillus megatherium, Bacillus pseudoanthracis, Bacillus 
mycoides, Bacillus mesentericus, and Bacillus liodermos. 


study, however, five nearly identical strains belonging 
the enteritidis group, the selective affinity the stain was found 
specific its nature distinguish between different strains 
very closely related organisms. the growth one member 
this group, the dye exhibited constant and complete inhibition 
the growth the other four was absolutely without effect. 
the purpose this paper report careful study the behavior 
this group organisms toward the dye. 

The organisms included this study came from the following 

(1) enteritidis, Johns Hopkins University stock; originally 
isolated Dunham, Cambridge, 1900. 

(2) 18, from the Museum Natural History, New York; originally 
obtained from The Rockefeller Institute for Medical Research. 

(3) 25, from the above Museum; originally isolated Jordan, from 
drainage canal Chicago. 

(4) 26, idem. 

(5) 132, from the above Museum; originally from Kral’s laboratory. 


(6) 234, from the above Museum; originally isolated Dunham, 
Cambridge. 


The characteristics the bacteria are shown table None 
them was tested for agglutination with known enteritidis 
serum. For the purposes this paper, the important point that 
the five organisms were identical, according the usual tests, and 
that their characteristics were those described for the enteritidis 
group. What name given them here immaterial. They 
were all motile, Gram negative, non-spore-bearing bacilli, which did 
not coagulate milk liquefy gelatin. They fermented glucose, 


824 Selective Action Gentian Violet. 


mannite, maltose, and galactose, but did not ferment saccharose, lac- 
tose, raffinose, inulin. formed gas trifle more slowly than 
the others, and from agar growths 234 and homo- 
geneous emulsions salt solution were less easily made than from 
agar growths the other four. But with these very slight ex- 
ceptions, all six organisms were identical, according the usual 
morphological, tinctorial, and cultural tests. 

Toward gentian violet, however, constant and striking differ- 
ence the behavior these organisms was noted. 
was the member the group first studied; and was expected, 
from the previous studies the colon and paratyphoid group, that 
gentian violet would have effect its growth. planting it, 
however, divided gentian violet plates, were surprised 
find that its growth was absolutely prevented the dye. This 
observation was repeatedly made, and was then confirmed study- 
ing the New York descendant the same original Cambridge 
stock (E. 234), which was found behave exactly the same way. 
Not only did these two descendants the same original stock refuse 
grow across divided gentian violet plates, but their growth was 
also much hindered entirely prevented staining the organisms 
and then transplanting them agar broth. Moreover, they 
would not grow broth containing the dye strength 
They behaved all violet positive organisms do. 

four other enteritidis strains. The growth these (E. 18, 25, 
26, and 132) was found absolutely uninfluenced the 
dye, either when applied directly the organisms (by the method 
vital staining) when applied the media which they were 
grown. They were, word, typically violet negative, striking 
contrast and 234, which, has been said, had 
been found violet positive. This specific, selective affinity 
well illustrated figure which shows divided plate that has been 
stroked with 234, 18, 25, 26, and The growth 
one 234) will seen have been prevented the dye; 
the other four the stain has had effect whatever. finding 
was constant the large number transplants made. other 
words, five organisms, identical all ordinary tinctorial, morph- 
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ological, and cultural characteristics, one (E. 234) 
was constantly gentian violet positive; while the other four (E. 18, 
25, 26, and 132) were constantly gentian violet negative. 
These facts are recorded table 


Agglutination Reactions with Typhoid Serum. 


Dilutions of serum. 


Organism. 
I-100 1-800 1-1,600 


order get additional light the real specificity this select- 
ive action, the organisms were further studied the method 
agglutination. Each one was first tested with known typhoid 
serum, and agglutination case occurred (table Rabbits 
were then immunized against 18, 25, 26, and H.,? 


TABLE III. 
Agglutination Reactions with the Serum Animal Immune 18. 


Dilutions of serum. 


Organism. 


and the agglutinative properties these sera were tested against 
Bacillus typhosus, Bacillus paratyphosus, 18, 25, 26, 132, 
234, and The results these experiments are 
shown tables III, IV, VI, and VII. 


Attempts immunization against 132 were unsuccessful. 
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TABLE IV. 


Agglutination Reactions with the Serum Animal Immune 25. 


Dilutions of serum. 
Organism. 


1-200. 1-400. 1-800. | I-1,600. | I-3,200. 


typhosus 


paratyphosus 


+ 


TABLE 


1-800 1-1,600 


TABLE VI. 


paratyphosus 


Dilutions of serum. 


Organism. 
1-400 1-800 | 1-1,600 


will seen: (1) that none the sera caused clumping with 


Bacillus typhosus Bacillus paratyphosus; (2) that and 
showed interagglutination, either with each other with the 
other organisms studied; (3) that and 234 were 
identical their serum reactions; (4) that 18, 132, and 
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showed some interagglutination. From these agglutination 
experiments may conclude: (a) that the organisms studied did 
not belong the typhosus paratyphosus group; (b) that two 
them (E. and 25) were distinguished agglutination 
from the other three; (c) that four them (E. 18, 132, 234, 
and H.) were closely related, indicated their inter- 
agglutinations (table VII). 


TABLE VII. 


Summary Agglutination Reactions. 


Sera. 
Organism. 


Briefly, then, this study was concerned with five stock organisms, 
identical all morphological, tinctorial, and cultural characteristics. 
They all failed agglutinate with known typhoid serum, and 
produce serum animals which would agglutinate either Bacillus 
typhosus Bacillus paratyphosus. Yet one these organisms 
(E. H.) was sharply and constantly violet positive; while 
the growth the other four the dye was absolutely without effect. 
The studies the organisms the method agglutination 
showed the gentian violet affinity quite delicate the serum 
affinity. The two did not run absolutely parallel. But the use 
gentian violet was possible distinguish, with great precision 
and constancy, one organism from four others identical with 
all ordinary characteristics and possessing similar agglutinative 
properties. 

far are aware, instance chemical affinity this 
degree nicety has previously been observed. The observation, 
such, isolated one; and itself has only the small value at- 
taching observations that kind. regards, however, its 
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bearing the general subject affinity between chemical sub- 
stances and microorganisms, the instance here reported signifi- 
cance for the following reasons: (1) establishes the fact that 
chemical substances may specific their selective affinity for 
microorganisms distinguish among strains bacteria other- 
wise indistinguishable. The importance this fact bacteriology 
obvious. None the closely related organisms which offer diffi- 
culty bacteriologists, regards isolation purity, are nearly 
identical the five strains Bacillus enteritidis studied this 
yet aniline dye picked one these strains out with 
great constancy and precision. substance will found 
possessing similar selective affinity between such bacteriologically 
troublesome organisms Bacillus typhosus and Bacillus coli does 
not seem out the question. The observation reported 
this paper gives important lead, and indicates that systematic 
study the anilines the method divided plates should 
carried out, for light may well throw the easy differentiation 
closely related bacteria. (2) indicates also what extent our 
ideas bactericides must modified the conception chemical 
affinity. The fact that given bactericide kills given organism 
does not justify the conclusion that will kill all closely related 
organisms, even all strains the same organism. Indeed the 
behavior bacteria toward gentian violet, and particularly the 
instance reported this paper, gives experimental basis for 
the assumption chemical fastness which has previously lacked 
clear confirmation. The members the general bacterial group 
which Bacillus enteritidis belongs (Bacillus typhosus, Bacillus 
coli, Bacillus paracoli), and the majority strains Bacillus en- 
teritidis itself, are naturally fast toward gentian violet: but 
have happened come upon one strain which, though identical with 
the others every other respect, lacks this natural fastness and will 
not grow the presence the dye. 


EXPLANATION PLATE 85. 


Fic. The upper half the plate contains gentian violet agar, the lower 
half plain agar. The plate has been stroked with typhosus, anthracis, 
aureus, and coli, from left right the order named. The dye has been 
without effect the growth typhosus and coli, while has completely 
prevented the growth anthracis and aureus. 


830 Selective Action Gentian Violet. 


Fic. The upper half the plate contains gentian violet agar, the lower 
half plain agar. The plate has been stroked with the seropurulent exudate from 
parotitis occurring during typhoid fever. Many colonies aureus are 
seen growing the plain agar side; the gentian violet side has remained sterile. 
The track the inoculating needle plainly seen across the whole plate. 

Fic. The upper half the plate contains gentian violet agar, the lower 
half plain agar. The plate has been stroked with 18, 25, 234, 26, and 
132, from left right the order named. will seen that the 
growth four, the gentian violet has been without effect, while the dye has 
completely prevented the growth 234. 
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LYMPH FORMATION AND EDEMA THE LIVER 
WITH EXPERIMENTAL NEPHRITIS PRODUCED 
CANTHARIDIN.* 


EUGENE OPIE, M.D. 
(From the Department Pathology Washington University, St. Louis.) 


Experimental production nephritis has offered means ex- 
plaining the pathogenesis nephritis and its associated phenomena 
not afforded methods applicable patients suffering with the 
disease. The possibility that changes the liver have part the 
functional disturbances which accompany nephritis has been sug- 
gested the occurrence edema the liver and gall bladder 
association with nephritis produced substance capable caus- 
ing acute nephritis man, namely, cantharidin. attempt 
analyze the factors upon which this hepatic edema depends has 
shown that the poison exerts important influence upon the pro- 
duction and flow lymph. Experiments with other renal poisons, 
yet incomplete, have shown that they exert important influence 
both upon the liver and upon the flow lymph. The present 
article will limited discussion the changes caused 
cantharidin. 

The experimental studies upon lymph formation define two 
groups substances which increase the production lymph. 
lymphagogues the first order include variety protein substances such 
peptone, extracts from the tissues certain invertebrates, namely, extract 
muscle crab, extract head and body the leech, egg albumen, and other 
substances. When injected into the circulation the dog, they cause accel- 
eration the flow lymph from the thoracic duct. This increase begins imme- 
diately after injection and lasts hour more; the lymph after injection con- 
tains increased quantity protein though its content inorganic salts 
remains unchanged. Ten c.c. aqueous extract crab meat may increase 
the flow lymph sixfold and increase its protein content from 4.06 5.57 per 


cent.; solution peptone causes even greater acceleration the flow 
lymph. lymphagogues the second order are crystalloid sub- 
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stances; among those which tested were grape sugar, sodium chloride, and 
sodium sulphate. These substances injected into the circulating blood may 
increase the flow lymph from the thoracic duct and this lymph contains less 
protein than the normal lymph from the thoracic duct. cites 
experiments which indicate that the increased flow caused lymphagogues 
the first order dependent upon the vital activity the endothelial lining the 
blood-vessels, whereas the action crystalloids dependent upon well known 
physical forces produced changes the concentration the blood and tissue 
fluids. Lymphagogues the first order cause increase urinary excretion, 
whereas crystalloids increase the flow urine. 

Starling? found that increase lymph flow from the thoracic duct caused 
peptone decoction the muscle crayfish may almost completely 
prevented ligation the portal lymphatics. attributes the entire increase 
lymph derived from the liver and suggests that the small increase flow 
which occurs after ligation the portal lymphatics referable flow through 
those lymphatic channels which accompany the hepatic vein. Starling has found 
increase pressure the portal vein following injection called 
lymphagogues Heidenhain’s first order, but since increased lymph flow con- 
tinues after portal pressure has fallen, believes that increased permeability 
the capillaries the liver has important part bringing about increased 
flow lymph. 

The capillaries the liver, according Starling, are more permeable than 
those other tissues. Lymph obtained from the liver contains approximately 
from per cent. solids, whereas lymph from the intestine contains from 
per cent., and lymph from the extremities only from per cent. The 
capillaries the liver are extremely sensitive pressure, elevation pres- 
sure the hepatic vein equal 200 mm. water produced obstruction 
the vena cava above the diaphragm causing enormous flow lymph derived 
from the liver. 

The permeability the hepatic capillaries demonstrated the studies 
Heidenhain, Starling, and others, gives significance the occurrence edema 
the liver produced cantharidin. This well known, produces 
changes the kidney accompanied albuminuria. the end one hour 
after the injection from 0.005 0.02 gm. cantharidin into rabbits, Cornil 
and found accumulation material containing nucleated cells within 
the capsular space the Malpighian bodies the kidney. Later, according 
their observations, cells lining the capsule are swollen and undergo desquamation. 
The cells the convoluted tubules become swollen and their protoplasm 
granular and vacuolated; within the lumina there granular debris. With 
poisoning caused repeated administration small doses cantharidin, round 
cells accumulate about the arteries. observed similar changes; 
the capsular space were albuminous precipitate and cells which were regarded 
swollen white corpuscles; swelling and desquamation the capsular epithe- 
lium were found. The renal tubules exhibited degenerative changes. 


Starling, H., Jour. Physiol., xvi, 224; 1894-5, xvii, 30. 
and Brault, Etudes sur pathologie rein, Paris, 1884, 149. 
Virchows Arch. path. Anat., 1883, xciv, 323. 
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white rats poisoned with cantharidin, found that cells accumulate 
the capsular space. does not regard these cells swollen leucocytes which 
have emigrated from the blood-vessels nor desquamated epithelial cells, but 
thinks that they are cells the convoluted tubules which have been pushed back 
into the glomerular space. has observed the same change; has noted 
that the capsular space devoid contents animals which survived longer than 
ten hours, the tuft filling almost completely. Lyon found advanced degenera- 
tion the tubules; the ascending limb the loop Henle may exhibit coagula- 
tive necrosis. The convoluted tubules are dilated and the inner parts the cells 
undergo disintegration, leaving basal part containing nucleus which may 
stain deeply. The cells the collecting tubules are swollen and granular, par- 
ticularly the larger tubules, and have frequently undergone desquamation into 
the lumen. Polynuclear leucocytes are often found between these cells. Casts 
are formed within the collecting tubules, particularly the medullary rays. 
With less acute poisoning, lymphocytes may collect about blood-vessels. 

Schlayer and and more recently Pearce, Hill, and 
using physiological methods have described experiments which they believe 
indicate the occurrence two types experimental nephritis, one caused 
potassium chromate uranium nitrate and referable changes the 
tubules the kidney, and the other caused notably cantharidin arsenic 
and referable changes the glomeruli. Alteration glomeruli demon- 
strable vascular reactions rather than anatomical changes the capil- 
laries epithelium these structures. Animals with nephritis following 
the administration potassium chromate uranium nitrate eliminate 
increased quantity urine and exhibit variety reactions which demon- 
strate that the blood-vessels the kidney retain their normal excitability 
certain stimuli; the oncometer shows that transient sensory stimulation admin- 
istration adrenalin causes the blood-vessels contract with somewhat abnor- 
mal activity, whereas caffein strong salt solution causes dilatation somewhat 
greater than that which occurs with administration the drug normal 
animals; pliloridzin causes the polyuria and glycosuria observed after its 
administration normal animals. animals which have received cantharidin 
arsenic, similar tests applied within from four eight hours show that the 
vascular apparatus the kidney has undergone profound alteration. 
diminished urine excreted; contraction and dilatation the 
vessels under the conditions which have been named are diminished absent; 
phloridzin causes polyuria and glycosuria, 


After the injection from 0.013 0.026 gram cantha- 
ridin dissolved ethyl acetate (one two cubic centimeters 
solution containing 0.2 gram cantharidin fifteen cubic 


H., Tr. Assn. Am. Phys., 1886, 171. 
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centimeters ethyl acetate) into dogs ranging weight from 2.5 
kilos, have found that the changes observed after death are 
fairly constant. Small animals are killed 0.013 gram 
cantharidin but larger animals survive this dose. Death with the 
hepatic changes which will described may occur within five hours. 
The kidneys are slightly enlarged, succulent, and deep red through- 
the medullary rays are conspicuous, times, gray markings. 
Microscopical examination shows the profound alterations the 
convoluted tubules described Welch, Lyon, and others. 
ticularly noteworthy are the consequent changes within the glomeruli. 
The capsular space dilated and contains both granular material, 
consisting albuminous precipitate and hyaline droplets, and large 
nucleated cells, often excellent preservation. The protoplasm 
such cells identical appearance with that the cells which 
compose the adjacent convoluted tubules. Their nuclei are often 
irregular shape; times the nuclei stain intensely, times they 
remain almost unstained. sections passing through the 
junction glomerular capsule and its convoluted tubule show 
that the cells within the capsule are continuous with those the 
tubule, which occasionally project rounded mass without ob- 
vious lumen through the neck the capsular space. The epithe- 
lium the capsule and the glomerulus exhibits alteration. 
Coincident with the changes which occur the kidneys, there are 
noteworthy changes the liver and gall bladder. The liver 
turgid and homogeneously deep red without lobular markings. 
Blood great abundance escapes from its cut surface. The gall 
bladder swollen and bluish gray consequence edema its 
wall which may two three millimeters thickness. The cel- 
lular tissue between the gall bladder and the liver conspicuously 
edematous. Widely dilated lymphatics, often 1.5 millimeters 
diameter, accompany the structures contained the portal spaces 
and pass downward from the root the liver through the gastro- 
hepatic omentum the regional lymphatic nodes which are situated 
the base the duodenal mesentery and the gastrohepatic 
omentum along the upper margin the splenic arm the pancreas. 
Similarly dilated lymphatics connect adjacent nodes. The afferent 
lymphatics the nodes usually contain blood tinged lymph and 
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end upon the surface the node which the peripheral sinus and 
medulla are stained red. 

The lymphatic nodes which become swollen and edematous are 
follows: (1) large node situated the base the duodenal 
mesentery contact with the superior mesenteric vein immediately 
below its junction with the splenic. (2) One, two, occasionally 
more smaller nodes situated the duodenal mesentery between its 
base and the duodenal arm the pancreas; these nodes are occa- 
sionally almost immediate contact with group large nodes 
the base the cecum. (3) From two six lymphatic nodes 
situated contact with the splenic vein the mesenteric fold which 
attached the superior margin the splenic arm the pan- 
creas. The largest these nodes that which nearest the liver 
almost immediate contact with another large node, e., (1), 
which adjacent the superior mesenteric vein. 

Microscopic examination the liver demonstrates that edema 
the gall bladder part general edema the liver. The 
tissue the portal spaces distended and its interstices contain 
albuminous coagulum; lymphatic vessels are dilated. There 
similar edematous distension the tissues above the central and 
sublobular veins. Dilated lymphatics contain coagulated lymph 
which red blood corpuscles are numerous. Within the parenchyma 
the lobules the endothelium the capillaries separated wide 
spaces from the adjacent columns liver cells, and these spaces 
red blood corpuscles are numerous. 

Edema the gall bladder affects the serous more than other 
coats the wall. the serous coat and the loose tissue con- 
tact with the under surface the liver are immensely dilated lym- 
phatics which are constricted intervals circular valve-like 
folds. 

Enlargement the regional lymphatic nodes the liver is, 
considerable part, the result immense dilatation the sinuses and 
especially those within the medulla. Here red blood corpuscles, 
lymphocytes and large mononuclear cells are abundant. Cells 
showing various stages disintegration are numerous; some have 
lost their nuclei whereas others contain deeply stained nuclear frag- 
ments. Within such sinuses, fibrinous coagulum forms network 
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with fine meshes. obvious that fibrin formation has begun 
about injured cells, many which still retain the characters large 
mononuclear cells, for from these cells radiate every direction 
fibrils fibrin. some instances, pale, ill defined nucleus 
surrounded radiating mass fibrils which appear have re- 
placed the protoplasm the cell. Within the medullary cords and 
the cortex the nodes, destruction cells further shown 
abundant nuclear fragmentation occurring with greatest frequency 
large cells with abundant protoplasm. the germinating 
centers the cortex, necrosis cells with fragmentation nuclei 
particularly advanced. 

Observations Starling, which have shown that the increased 
flow thoracic lymph caused the action Heidenhain’s lym- 
phagogues the first order, namely, peptone, decoction muscle 
from certain invertebrates such crab, crayfish, etc., derived 
from the liver, have suggested that edema the liver caused 
cantharidin referable increased flow lymph from the liver. 
noteworthy, the contrary, that administration the sub- 
stances employed Heidenhain not followed edema. 
determine the effect cantharidin upon the flow lymph from the 
thoracic duct, cannula has been inserted into the duct exposed near 
its termination the junction the subclavian and jugular veins, 
and the flow lymph has been measured during periods ten 
minutes. Animals have been etherized during the entire course 
the experiment which has been limited the death the animal 
period not exceeding three hours. the end this time, 
edema the gall bladder has been repeatedly well advanced. 

Diminution the flow thoracic lymph usually occurs within 
period from twenty thirty minutes after intramuscular in- 
jection cantharidin accompanied gentle kneading the in- 
jected muscle. the two following experiments, the flow 
lymph from the thoracic duct has been retarded and edema the 
gall bladder has been noted the end two and three hours 
respectively. 


Experiment weighing 10,800 gm. cannula was inserted into the 
thoracic duct; after observation the lymph flow during minutes canthar- 
idin, 0.02 gm., was injected into the muscles the thigh (text-figure 1). 


Sage 
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Time. Lymph c.c. per Remarks. 
12:40-12:50 6.65 
1:10 4.35 1:10 cantharidin, 0.02 gm., intra- 
muscularly. 
1:30- 1:40 0.05 
1:50 0.02 
2:20 P.M 6.34 Abdomen opened and intestines dis- 
turbed. 
2:30 3.40 Lymph tinged with blood. 
2:40 2.05 
3:10- 3:20 1.25 
3:30 1.50 
3:50 0.30 
4:00- 4:10 0.10 
4:10- 4:20 0.05 


The animal was killed M., hours and minutes after injection 
cantharidin. 

liver red and the gall bladder edematous; conspicuous 
dilated lymphatics extend from the liver the lymphatic nodes situated the 
duodenal mesentery near its base and along the upper margin the splenic arm 
the pancreas. Microscopical examination the liver shows edema, escape 
red blood corpuscles, and dilatation lymphatics. nodes are enlarged 
and, with the surrounding tissue, edematous. The kidney cloudy appear- 
ance; the medullary rays are conspicuous. 


Experiment cannula was placed the thoracic duct dog weighing 
7,600 gm. record the quantity lymph obtained during periods 
minutes given below. After noting the flow during minutes, 0.02 gm. 
cantharidin was injected into the muscles the thigh. 


Time. per min, Remarks 
Lymph opaque and white. 
2.5 11:25 cantharidin, 0.02 gm., was 
injected. 
2.1 Lymph tinged with blood. 


} 
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12:05-12:15 1.0 

12:25-12:35 0.6 

0.6 

12:35-12:45 0.35 

12:45-12:55 0.9 

12:55- 1:05 1.5 Lymph yellow and almost clear. 
1:15 1.75 

1:25 P.M 


liver homogeneously deep red. The wall the gall 
bladder thickened edema and there edema the gastrohepatic omentum, 
the duodenal mesentery, and the tissues about the ileocecal and mesenteric 
lymphatic nodes. Microscopical examination the liver shows edema with 
escape red blood corpuscles and dilatation lymphatics. The hepatic regional 
lymphatic nodes the duodenal mesentery near its base and along the upper 
margin the splenic arm the pancreas are enlarged and edematous. The 
kidney deep red; the medullary are conspicuous. Urine the bladder 
contains albumin and remains clear when boiled and acidified; causes 
atypical reduction Fehling’s solution but does not ferment. 


these experiments, administration cantharidin has been 
followed almost complete cessation the flow lymph. 
though has been possible follow the changes which are caused 
the poison during only three hours, advanced edema the liver 
and gall bladder has been present. Such edema has been almost 
constantly observed when more prolonged action the drug has 
caused death within from five fifteen hours. The histological 
character the edematous lesions has been described. 

experiment 2:10 the abdomen was opened and the 
intestines were manipulated order examine the bile ducts and 
the duodenal mesentery. This disturbance the intestines was 
immediately followed temporary discharge considerable 
quantity thoracic lymph. has observed that pressure 
upon the intestines liberates abundant lymph. This temporary flow 
experiment serves demonstrate that the otherwise almost total 
cessation lymphatic flow not the result coagulation other 
obstruction within the cannula adjacent injured thoracic duct. 

the following experiment diminution flow from the thoracic 
duct has followed almost immediately the administration can- 
tharidin but diminution flow has been irregular and temporary 
some edema the gall bladder has been produced. 


Starling, loc. cit., 224. 
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weighing 7,800 gm. cannula was inserted into 
the thoracic duct. The foregoing experiment was repeated. 


4.9 Lymph grayish white. 
6.5 
7.0 11:30 cantharidin, 0.02 gm., intra- 
muscularly. 

12:00-12:10 
12:10-12:20 3.8 Lymph well marked yellow. 

12:30-12:40 
4.4 Lymph deep yellow. 

1:00 4.3 Lymph deep brownish yellow. 

1:20 4.3 

1:40 6.3 

1:40- 1:49 4.9 Died. 


liver shows noteworthy abnormality; the gall bladder 
edematous patches but not uniformly swollen. The regional lymphatic 
nodes are swollen, red, and part edematous. Dilated lymphatics pass from the 
liver these 

The urine from the urinary bladder contains moderate amount albumin. 
Reduction indicates the presence 1.17 per cent. sugar; the urine ferments. 


two experiments which will be-described, there has been tem- 
porary diminution lymph flow following injection the drug, 
whereas third experiment (experiment diminution has 
occurred; yet all these experiments after about one and 
half hours, there has been greatly increased flow thoracic lymph. 
With this active flow lymph, edema the gall bladder liver 
has occurred. 


Experiment weighing 13,400 gm. cannula was inserted into the 
thoracic duct with considerable difficulty (text-figure 2). 


Time, per min, Remarks, 
1:50-2:00 5.8 Lymph grayish white. 
2:00-2:10 
2:10-2:20 10.4 2:20 2:21 cantharidin, 0.052 gm., 
intramuscularly. 


2:20-2:30 12.85 


a 


TEXT-FIG. 


2:30-2:40 
2:40-2:50 
3:10-3:20 
3:40-3:50 
3:50-4:00 
4:00-4:10 
4:10-4:20 
4:20-4:30 
4:40-4:50 
5:10-5:20 


deep red. There edema the gall bladder. 
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Experiment showing the flow lymph from the thoracic 
duct after injection cantharidin. 


11.7 
11.3 
4.2 
3.2 
3.2 


Lymph blood tinged. 


Lymph deep red. 


Died. 


4.8 
6.1 
7.6 
9.9 
11.65 
12.9 
14.6 
14.0 
9.6 
5.2 
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Experiment 5—Dog, weighing 12,600 gm. cannula was inserted into 
the thoracic duct (text-figure 3). 


Time. per min, Remarks, 

12:50-1:00 6.2 Lymph opaque, white. 
1:00-1:10 5.3 

1:10-1:20 5.0 

4.9 1:30 cantharidin, 0.052 gm., intra- 

muscularly. 

1:30-1:40 4.6 

1:40-1:50 5.8 

1:50-2:00 2.0 

2:00-2:10 

2:10-2:20 2.6 

2:20-2:30 1.05 

2:30-2:40 Lymph faintly blood tinged. 

2:50-3:00 7.6 Lymph blood tinged. 
3:00-3:10 10.7 Lymph yellowish. 

3:10-3:20 9.3 Lymph deeper yellow. 
3:20-3:30 4.2 Lymph bright yellow. Death. 


edema the gall bladder. 


Experiment showing the flow lymph from the thoracic 
duct after injection cantharidin. 


the following experiment, injection cantharidin, ex- 
periments and caused well marked increase the flow 
lymph, but this increased flow was not preceded period during 
which the flow was diminished. 


lace 
(7) 
| 
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Experiment weighing 18,600 gm. cannula was placed the 
thoracic duct (text-figure 4). 


Time. Lymph c.c. per min. Remarks. 
12:10-12:20 10.0 Lymph opaque, white, slightly blood 
tinged. 
12:30-12:40 12:40 cantharidin, 0.02 gm., intra- 
muscularly. 

12:40-12:50 12.8 

1:10 

1:50 10.3 Lymph blood stained. 

9.2 

2:40 P.M. 16.5 

27.3 

3:35 4.0 Died 3:35. 


liver moderately deep red. There edema the gall 
bladder. The regional lymphatic nodes are enlarged and have red centers. 
Dilated lymphatics pass from the liver these nodes. 


The experiments which have been described are confirmed 
others which similar results have been obtained. The effect 
cantharidin upon the flow lymph from the thoracic duct 
follows: (a) Intramuscular injection fatal dose (0.02 
gram) usually followed well marked diminution the flow, 
which evident after from twenty thirty minutes and reaches 
minimum the end about one hour; the lymph tinged with 
blood. subsequent rise occurs and there edema the liver 
recognizable within from two three hours after injection. 
second group experiments occurring more frequently with 
larger doses cantharidin (0.05 gram), increased flow 
lymph follows the retardation which has been noted occasionally 
occurs without preceding diminution output. This increased 
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Experiment showing the flow lymph from the thoracic 
duct after injection cantharidin. 


flow, occurring after interval approximately from one and half 
two hours after injection the drug, may greatly exceed the 
normal. The lymph longer tinged with blood but assumes 
yellow color and coagulates slowly. 

Within the period observation permitted the experiment 
larger doses more frequently demonstrate the lymphagogue action 


3 
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the poison. With smaller doses the flow lymph does not 
recover from its primary depression. Dilatation lymphatics and 
edema the liver and gall bladder occur during the time when 
flow lymph from the thoracic duct diminished and almost 
constantly observed when death caused acute poisoning with 
cantharidin. Edema the liver furnishes evidence that there in- 
creased lymph formation the liver before this increased produc- 
tion causes increased flow from the thoracic duct. Histological 
examination shows that obstruction the lymph stream capable 
producing simultaneously edema and diminished flow thoracic 
lymph occurs within lymphatic channels and notably within the 
sinuses the regional nodes the liver. 

Those nodes which receive lymph from the liver are accurately 
defined the poison. Their situation has already been described 
they become enlarged and their medulla assumes deep red color. 
The nodes which are affected are connected with the liver lines 
dilated lymphatics which pass downward from liver and gall 
bladder the proximal nodes and hence from one node the next. 
These lymphatics contain lymph deeply tinged with blood and their 
termination the peripheral sinus the node well defined 
similar localized discoloration. 

Microscopic examination the regional nodes removed from 
animals which have died with edema the liver and gall bladder 
during the period diminished flow from the thoracic duct shows 
that the afferent lymphatics and the sinuses the node, notably the 
peripheral sinus, contain fibrin which usually forms fine network 
but occasionally occurs more compact particles. Particularly 
noteworthy the relationship this fibrinous network cells 
which have undergone degenerative changes. Cells which the 
nuclei are pale and ill defined wholly lost form centers from 
which radiate fibrils fibrin. similar radiate arrangement 
fibrin occurs upon the free surface endothelial cells still attached 
the walls the sinus. 

Within the widely dilated sinuses the node, cells are very 
numerous, often closely packed together and connected the 
fibrinous network which has been described. Large mononuclear 
cells similar those which line the sinuses are particularly numer- 
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ous and are mingled with lymphoid cells and polynuclear leucocytes, 
the latter being present moderate number. Cells exhibiting 
evidence degeneration and necrosis, doubtless caused the 
poison, are numerous; many exhibit nuclear fragmentation; others 
have assumed hyaline appearance and have lost their nuclei. The 
destructive action cantharidin best seen the germinating 
centers the cortex where nuclear fragmentation usually wide- 
spread. The presence red blood corpuscles outside the capillaries 
the liver, within the hepatic lymphatics and the sinuses 
the lymphatic nodes, further evidence the injurious action 
the poison which appears affect notably endothelium the blood- 
vessels and lymphatics. Phagocytosis red blood corpuscles 
the large mononuclear cells which have been mentioned actively 
progress two three hours after administration cantharidin. 
Clumping red blood corpuscles upon the surface these cells 
may have part plugging the sinuses the regional hepatic 
nodes. one specimen masses red corpuscles were adherent 
the surface mononuclear phagocytes which had taken many 
red corpuscles into their substance. Such observations show that 
the cell does not move toward the red corpuscles and ingest it, but 
attracts the corpuscle and holds it. have not determined whether 
the conspicuous yellow color assumed the lymph from the tho- 
racic duct referable destruction red corpuscles with setting 
free hemoglobin the presence bile liberated the injured 
liver. 

Progressive dilatation lymphatics and the sinuses the lym- 
phatic nodes finally overcomes the obstruction opposed the fibri- 
nous thrombi which are formed these channels. Diminished 
coagulability the lymph probably explains the cessation pro- 
gressive formation fibrinous plugs. Increased flow lymph 
often far exceeding the normal thus follows the temporarily dimin- 
ished output. 

order determine the relationship lymphatic nodes the 
changes which occur the liver, the effect cantharidin has been 
tested upon animals from which the regional hepatic nodes have 
been extirpated. Removal these nodes may followed estab- 
lishment collateral lymphatic circulation through channels which 


. 
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pass directly the thoracic duct without intervention lymphatic 
nodes. Nodes which have been overlooked the time operation 
undergo hypertrophy. Whereas normal animals fatal cantha- 
ridin poisoning has been almost invariably followed edema the 
liver and gall bladder, edema has occurred only one three ani- 
mals which, after extirpation the regional nodes, death has 
followed administration the drug. this instance there was 
edema the liver, gall bladder, and pancreas, and accumulation 
fluid the peritoneal cavity; large lymphatic node was found 
the gastrohepatic omentum and numerous dilated lymphatics passed 
from the liver. This enlarged node had undergone the changes 
which have been described, the sinuses being plugged with fibrin. 


Experiment 7—Dog, weighing 9,800 gm. The abdomen was opened and all 
the lymphatic nodes which could found the gastrohepatic omentum, the 
duodenal mesentery and near the splenic vein along the upper margin the 
splenic arm the pancreas were removed. the 22d day after operation, 
cantharidin, 0.013 gm., was administered intramuscularly; the following day, 
724 urine contained 4.16 gm. fermentable sugar and albumin abun- 
dance; the next day sugar was still present. the 26th day cantharidin, 
0.006 gm., was administered; 550 c.c. urine collected during the following day 
contained 2.43 gm. sugar and abundant albumin. the day canthar- 
idin, gm., was administered and albuminuria but glycosuria followed. 
the day cantharidin, 0.02 gm., was given; death occurred during the 
following night. The urine, 330 c.c., contained 3.52 gm. sugar (Benedict’s 
method), and albumin, determined Esbach’s method, equal 2.667 gm. 
per liter. 

peritoneal cavity contains c.c. red serous fluid. The 
liver deep red; the gall bladder edematous throughout, the wall measuring 
mm. thickness. Many dilated lymphatics filled with blood stained lymph 
pass parallel lines firm, deep red lymphatic node cm. length, situated 
the gastrohepatic omentum the margin the foramen Winslow. Two 
smaller blood tinged nodes are found the base the duodenal mesentery. 
The tissues the gastrohepatic omentum are edematous. The heart normal 
save for edema the fibrous tissue the base two aortic segments accom- 
panied edema the segment the tricuspid valve the opposite side 
the interventricular septum. The thymus dull red throughout; the adjacent 
substernal lymphatic nodes are enlarged and red and the tissue about them 
edematous. 

Microscopical examination shows well marked edema the liver and 
pancreas. many places hepatic cells have separated from one another that 
they are longer arranged columns. The cells composing acini and islands 
Langerhans the pancreas are similarly separated. The sinuses lymphatic 
nodes the positions which have been mentioned contain fibrin 
Here fibrin often radiates from the surface necrotic cells. 


848 Lymph Formation and Edema 


the following experiments large lymphatic nodes escaped 
the operation planned for their removal, and edema the liver and 
gall bladder failed occur. 


Experiment weighing gm. The operation previously described 
was repeated. the 22d day after operation, the animal had gained 
1,200 gm. weight and received cantharidin, 0.013 gm.; 870 c.c. urine passed 
during the following day contained 4.61 gm. sugar. Cantharidin, 0.006 gm., 
the 25th day caused glycosuria. Death followed within hours after the 
administration cantharidin, 0.02 gm.; 925 cc. urine contained fairly 
abundant albumin but sugar. 

liver deep red; there edema the gall bladder. 
Above the splenic arm the pancreas small lymphatic node 0.3 0.5 cm. 
The pancreas slightly edematous and there well marked edema the gastro- 
hepatic omentum the neighborhood the lesser curvature the stomach. 
Microscopical examination the liver shows congestion but edema. 

Experiment 9.—Dog, weighing 6,000 gm. The regional hepatic nodes together 
with other abdominal lymphatic nodes were removed. Cantharidin, 0.013 gm., 
administered the 18th day caused death after hours; 820 c.c., collected 
during the following day contained abundant albumin and 8.04 gm. sugar 
(Benedict’s method; fermentation not tested), and the next day the urine 
(80 contained moderate amount albumin and gm. sugar 
(fermentation not tested). 

liver pale brownish red; there edema the gall 
bladder. Dilated lymphatics pass from the liver and uniting form large trunk 
which passes into the retroperitoneal tissue and joins the receptaculum chyli. 
lymphatic nodes are found the base the duodenal mesentery along the 
superior margin the splenic arm the pancreas. Microscopical examination 
shows edema the liver pancreas. 


The experiments are inconclusive with regard the effect the 
removal lymphatic nodes upon the action cantharidin. When, 
the one hand, some the regional nodes escape operative re- 
moval (experiment 7), these nodes under the influence cantha- 
ridin may oppose obstruction the flow lymph and conse- 
quence edema occurs. When, the other hand, all nodes are 
removed, collateral circulation (experiment may permit the 
lymph flow into the thoracic duct and edema follows the ad- 
ministration cantharidin. Although the number experiments 
too small define the action cantharidin animals deprived 
regional hepatic lymphatic nodes, they support the view that 
occlusion lymphatic channels, association with increased lymph 


formation, the cause the edema which follows administration 
cantharidin. 


The foregoing experiments define the changes which accompany 


j 
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edema the liver and gall bladder. Separation columns 
liver cells from adjacent capillaries, the intervening space contain- 
ing serum and often red blood corpuscles, and separation liver 
cells from one another, are manifestations edema the liver. 

The flow lymph from the thoracic duct profoundly modified 
cantharidin; after administration the drug, the flow dimin- 
ishes ceases completely. Coincident with cessation and within 
three hours after administration the poison, edema the liver 
and gall bladder may well advanced. Edema caused cantha- 
ridin almost wholly limited these organs and the adjacent 
lymphatic nodes. 

Edema the liver dependent upon changes the lymphatics 
and the lymph sinuses the regional lymphatic nodes, the effect- 
ive change being the formation fibrinous coagulum within the 
sinuses. This coagulum often has its origin about cells injured 
the poison, shreds fibrin radiating from partially completely 
necrotic cells. 

Obstruction interposed fibrin formations within lymphatic 
nodes overcome certain number experiments, and dimin- 
ished flow from the thoracic duct followed output which 
may considerably exceed that observed before administration the 
poison. lymphatics the liver and occurrence 
edema during the period diminished flow indicates that increased 
formation lymph occurs the liver before increased flow 
thoracic lymph demonstrates its presence. one experiment 
increased flow was not preceded period diminished 
obstruction outflow from lymphatics failed occur was insuffi- 
cient diminish the flow lymph below normal. this experi- 
ment edema the gall bladder and liver was absent. 

poison which capable causing nephritis increases the flow 
lymph from the thoracic duct; acts lymphagogue. the 
presence some additional factor, such obstruction within the 
regional lymphatic nodes, edema results. These changes are coin- 
cident with the production the renal lesion and are not the result 
disturbance renal function. They furnish, analogy, sup- 
port the view that dropsy association with nephritis caused 
the action irritant which simultaneously injures the kidney 
and increases the permeability vessel walls elsewhere the body. 


EXPERIMENTS INSECT TRANSMISSION THE 
VIRUS POLIOMYELITIS.* 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New 


considering the epidemiology epidemic poliomyelitis 
are confronted with complex problem. Not only find 
cases which can traced either through direct indirect contact 
other persons ill with the disease, but also meet sporadic 
cases occurring over widely scattered areas and apparently well 
isolated from any acute source contagion. 

Both human and experimental poliomyelitis the virus has 
been repeatedly demonstrated the tonsils and the secretions 
the nasopharyngeal the experimental disease can also 
readily produced swabbing the nasal mucosa with the virus, 
has been held many that the nasal mucosa one, least, 
the sources the virus the outside world and also the means 
its entrance the body. The marked viability the virus under 
adverse conditions, such drying, low temperature, etc., and the 
fact demonstrated Neustaedter and Thro? that the virus remains 
alive dust, must also considered making for fairly 
adequate explanation the occurrence cases neighboring 
localities. More recently Kling, Wernstedt, and have 
brought forward experimental evidence that the nasal secretions 
may also important factor the sporadic cases, they claim 
have found the virus nasal washings from persons contact 
with acute cases, well from the cases themselves. 

Received for publication, October 10, 1912. 

*Flexner, Simon, and Lewis, Paul A., Jour. Am. Med. Assn., 1910, liv, 
Osgood, B., and Lucas, P., idem, 1911, lvi, 495; Landsteiner, K., Levaditi, 
C., and Pastia, Compt. rend. Acad. sc., 1911, clii, 1701. 
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The fact that the seasonal incidence the disease corresponds 
general with the annual wave insect life still suggests, how- 
ever, the possibility that some insect may play part the trans- 
mission this disease. 

have carried out experiments with several insects that are 
close relation human beings with reference their ability 
carry the poliomyelitic virus. Two types insects come once 
into consideration. One inhabits man’s surroundings and acts 
mere contaminator objects with which intimate relation. 
These insects not bite and are not viewed possible active 
inoculators the virus. example this group the common 
house fly, Musca domestica. The other type comprises some the 
biting insects. Among these are species that possess limited means 
locomotion, such the bedbug lectularius) and lice 
(Pediculus capitis and Pediculus vestimenti), and others, such 
the different mosquitos which have comparatively much greater 
power locomotion. These may conceivably act active inocu- 
lators. 

The domestic fly reason its habits readily subject 
gross contamination provided can find access infectious ma- 
terial. The existence the poliomyelitic virus the secretions 
the nose and throat and also the discharges from the intes- 
tine (Kling, Wernstedt, and Pettersson,* and Flexner, Clark, and 
makes such access possible. Whether the contamination 
ever occurs nature not known. 

Our experiments were, general, performed two ways. 
the first, insects were permitted feed directly infected cord 
upon materials containing suspension infected cord. After 
the removal the infected materials, the insects were placed 
fresh receptacle and after varying periods time were killed and 
used whole part for the preparation bacteria-free Berke- 
feld filtrates that were inoculated into monkeys. this way 
sought determine whether the poliomyelitic virus survived either 
within the bodies the insects upon their external parts. the 

C., Wernstedt, W., and Pettersson, loc. cit. 


Simon, Clark, Paul F., and Dochez, R., Jour. Am. Med. Assn., 
1912, lix, 273. 
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second group, biting insects were made feed upon monkeys inoc- 
ulated with the virus poliomyelitis. has been shown Flex- 
ner and Lewis® that the virus present the blood stream 
infected monkeys, but only minute quantities. The dilution 
great that twenty cubic centimeters more the blood from 
recently paralyzed monkey are usually necessary produce the 
disease normal animal. account this high dilution, 
especially valuable determine whether the virus may taken 
blood-sucking insects sufficient quantity produce infec- 
tion when filtrate their bodies employed for inoculating 
healthy monkeys. This experiment was carried out with bedbugs 
and lice. 


EXPERIMENTS WITH 


The flies used were the ordinary species, Musca domestica, bred 
the laboratory. The technique the experiment has been 
described above. After being allowed feed infected cord, 
the flies were placed fresh receptacles from which certain num- 
bers were removed intervals, killed with ether, ground with 
sand and physiological salt solution, and passed through Berkefeld 
filter. The filtrate was injected usual into the brain Macacus 
rhesus monkeys. Protocols and show that the flies retained 
the virus either their bodies for least twenty-four and 
forty-eight hours respectively. 

order determine the presence absence the virus actu- 
ally within the bodies the flies, the viscera certain flies that 
had fed infected cord were removed with aseptic precautions. 
Protocol gives the history such experiment proving that 
the virus may remain alive the body the fly for least six 
hours after ingestion. 


Protocol 1911. Injected Macacus rhesus monkey intracerebrally 
with c.c. filtrate from the bodies flies which had had opportunity 
feed infected cord for hours and had then lived clean surroundings for 
hours before they were killed. The monkey recovered from the ether anes- 
thesia and was apparently normal. 

May The monkey shows slight weakness. 


Simon, and Lewis, Paul A., Jour. Exper. Med., 1910, xii, 227. 
Simon, and Clark, Paul F., Jour. Am. Med. Assn., 1911, 1717. 
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May Animal nervous and irritable. Right arm weak, left arm 
definitely paralyzed. During the day the paralysis affected the right arm. 

May 10. The monkey completely prostrate. The animal was killed with 
ether. autopsy the cord showed the characteristic macroscopic lesions 
experimental poliomyelitis. The microscopic sections were also typical. 

Protocol B—May Injected Macacus rhesus monkey intracere- 
brally with c.c. filtrate from the bodies flies which had fed infected 
cord hours previously. The monkey was apparently normal after recovery 
from ether anesthesia and remained well until May 13. 

May 14. Animal completely prostrate with paralysis back muscles and 
all four extremities. 

May 15. Animal was killed with ether. The autopsy showed characteristic 
lesions experimental poliomyelitis the spinal cord, and the sections, typical 
histological lesions. 

Protocol 17, 1911. Injected Macacus rhesus monkey intracere- 
brally with c.c. filtrate representing the viscera flies which had had 
opportunity feed infected cord for about hours. They were then 
removed clean receptacle for hours, when they were etherized, and their 
legs, wings, and heads removed. The viscera were then taken out with sterile 
instruments, ground and filtered usual, and injected above. The monkey 
carries its head towards the left side after recovery from ether and seems 
somewhat dazed. 

May 18. The monkey active and apparently normal. 

May 29. The animal shows definite tremor and excitability and has the 
characteristic worried expression. The coat fluffed up. Cerebrospinal fluid 
shows marked lymphocytosis and gives positive test for globulin. 5.00 
Arms very weak. Tremor more marked. Animal gets perch with great 
difficulty. 

May 30. Animal prostrate. Legs and back muscles are partly but defi- 
nitely paralyzed. Arms are completely flaccid. 

May 31. Animal moribund. Killed with ether. autopsy the gross 
lesions the cord were characteristic and the microscopic sections were also 
typical. 


EXPERIMENTS WITH MOSQUITOS. 


The mosquito experiments were performed much the same 
way were those with flies, except that the sticky, viscid nature 
the incised cord caught the mosquitos piece sticky fly- 
paper would, variation the method bringing them con- 
tact with the virus was adopted. mixture defibrinated blood 
and heavy suspension cord from recently paralyzed monkey 
was injected into washed figs, and these figs were suspended the 
jars with the mosquitos. this way the mosquitos apparently 
took the blood-virus mixture very well. After being fed this 
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mixture for two days the mosquitos were placed clean jars with 
non-injected figs and water and kept alive until wanted. 

two experiments the mosquitos used were the common Culex 
pipiens. the others the mosquitos were the salt marsh varie- 
ties, about per cent. each lot being sollicitans and per 
cent. Culex cantator. 

Numbers them were removed intervals varying from three 
hours twenty days after they had fed the virus mixture. 
They were then killed, ground up, passed through Berkefeld filter, 
and injected into the brain Macacus rhesus monkey. The pur- 
pose allowing longer periods elapse after the mosquitos had 
fed the virus was determine possible whether there might 
some biological transformation the virus the body the 
mosquito secondary host. Fifteen monkeys were injected with 
mosquitos removed different intervals and not one these 
monkeys showed any symptoms poliomyelitis. control monkey 
inoculated with minute portion fig injected with the blood- 
virus mixture came down typically with poliomyelitis. 

Two illustrative protocols follow, showing the negative nature 
the results, and also the protocol the control animal (proto- 
cols and F). 


Protocol D—Aug. 12, 1911. Injected intracerebrally into Macacus rhesus 
monkey 3.5 filtrate representing the bodies mosquitos which had 
fed the blood-virus mixture hours previously. The animal remained 
normal and active. 

Protocol E.—Sept. 16, 1911. Injected into the brain Macacus rhesus 
monkey c.c. filtrate representing the bodies twelve mosquitos that had 
had opportunity feed active poliomyelitis virus figs for days and 
had lived clean surroundings for days thereafter. The wings and legs 
were removed, the mosquitos ground up, filtered and injected above. The 
monkey showed slight weakness the day following the injection but 
other symptoms paralysis. 

Protocol F.—(Control blood-virus mixture figs.) 

June 1912. Injected into the brain Macacus rhesus monkey c.c. 
the following filtrate: May about blood-virus mixture (2.5 c.c. 
defibrinated horse blood and 2.5 c.c. per cent. suspension the cord 
from recently paralyzed monkey) were injected into fig weighing about 
grams and allowed remain room temperature until June per cent. 
suspension was then made this fig and the material shaken, centrifugalized, 
and filtered. The filtrate was injected above, thus introducing into the 
monkey filtrate which originally contained approximately 0.013 gm. the cord. 

June Monkey somewhat inactive. 
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June Slightly excitable. Arms and legs are weak, especially arms, 

June The arnis, legs, and back muscles are paralyzed. 

June Found dead the morning. autopsy there were slight charac- 
teristic lesions the cord and the microscopic sections were typical for experi- 
mental poliomyelitis. 


EXPERIMENTS WITH LICE. 


The experiments with Pediculus vestimenti and Pediculus capi- 
tis belong the second general group; that is, the insects were 
allowed suck the blood several monkeys infected with epidemic 
poliomyelitis and then remain alive for number days before 
they were killed, ground salt solution, filtered, and injected 
into monkeys. These insects proved difficult manipulate, 
the mortality among them being very high. After their last feed- 
ing upon infected monkey, was found impossible keep them 
alive for more than two four days even though they were fed 
daily normal monkey. only one experiment were able 
keep sufficient numbers Pediculus capitis alive for long 
two days after their last feeding. The Pediculi vestimenti were 
used five experiments which they received from one six 
feedings monkeys with poliomyelitis, some the preparalytic 
stage and others definitely paralyzed. The feedings were usually 
given either every day alternate days, that case did 
the insects remain alive for more than thirteen days after 
the first feeding. 

The results were entirely negative. The following are two 
illustrative protocols (protocols and 


Protocol 19, 1911. Injected Macacus rhesus monkey intracere- 
brally with and intraperitoneally with c.c. filtrate representing all 
Pediculi capitis that had fed poliomyelitic monkey from Dec. Dec. 
were then made into filtrate and injected above Dec. 19. The 
monkey showed untoward symptoms paralysis. 

Protocol H.—Jan. 17, 1912. Injected Macacus rhesus monkey intracere- 
brally with 2.25 c.c. filtrate and intraperitoneally with 0.5 filtrate repre- 
senting body lice which had fed paralyzed monkeys from Jan. Jan. 13. 
Jan. 15, the lice were fed normal monkey and Jan. they were 
ground and passed through Berkefeld The monkey remained 
active and well. 
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EXPERIMENTS WITH 


The experiments with bedbugs lectularius) also belong 
the second group and were carried out were those with the 
lice, except that the greater ease manipulation made possible 
perform more complete series. 

The bedbugs were all cases fed least six times infected 
monkeys various stages the experimental disease. More 
the feedings were made monkeys the preparalytic stage than 
those paralyzed condition because the probably greater 
concentration the virus the blood stream during that period. 
was found impossible induce the bedbugs feed until the 
previous meal had been digested, and, the case the immature 
forms, until the skin had been molted. Hence four five days 
week passed between the successive feedings. After the last 
feeding infected monkeys, periods ranging from few hours 
twenty-five days were allowed elapse before the insects were 
ground salt solution and filtered preparatory injection into 
normal monkey. the case the other insects this period 
between possible ingestion the virus and the killing the bed- 
bugs was designed answer the question possible life cycle 
the body the insect. Since many the bedbugs were fed 
more than six times, some them remained alive from seven 
nine weeks after their first feeding. 

all, sixteen monkeys were injected with filtrates from the 
bodies these bedbugs, and this number only one showed evi- 
dence infection with the virus epidemic poliomyelitis. repe- 
tition the successful experiment, however, with the same time 
limits, proved unsuccessful. 

Two illustrative protocols are given. 

Protocol I—Dec. 18, 1911. Injected into the brain Macacus rhesus 
monkey c.c. filtrate, and intraperitoneally c.c. filtrate representing 
all bedbugs that had fed poliomyelitic monkeys the following dates: 
Nov. 13, 15, 20, 29, and Dec. 

The filtrate was made Dec. 15; thus interval days occurred 
between the last feeding and the killing the insects. The monkey showed 
symptoms paralysis. 


Protocol J—Nov. 24, 1911. Injected intracerebrally Macacus rhesus 
with 2.5 filtrate representing bedbugs fed infected monkeys the 
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following dates: Oct. 23, 24, 27, Nov. 13, and Nov. 24, days after 
the last feeding, the bedbugs were killed, filtered, and injected above. 
Nov. 30. Monkey somewhat slow. Arms are weak. 


Dec. are partly The back and legs seem weak. Animal 
lies down most the time. 


Dec. Animal moribund. Killed with ether. autopsy the animal was 
found have severe tuberculosis the spleen and left lung. The liver, 
mesenteric nodes, and lung were also involved, but less degree. The 
right lung had only three four tubercles. There were definite macro- 
scopic lesions the cord. The microscopic sections, however, showed the 
typical lesions experimental poliomyelitis. 

suspension the glycerinated cord from this monkey was 
inoculated into another animal and this second animal came down 
typically, developing definite paralysis the sixth day. This 
animal was killed with ether. the autopsy marked characteristic 
lesions were evident the cord and the microscopic sections con- 
firmed the result. The histological alterations both spinal cords 
were characteristic experimental poliomyelitis the monkey and 
showed both infiltrative lesions about the blood-vessels the inter- 
stitial substance and also degeneration and necrosis ganglion 
cells and neurophagocytosis. 

During the series feeding experiments both with the lice and 
the bedbugs, the insects were sometimes allowed feed normal 
monkeys when infected monkeys happened available the 
time feeding was necessary. Also during the varying intervals 
occurring after the last feeding infected animals, normal animals 
were used order keep the insects alive. While this was not 
definite attempt study direct transmission means these 
insects, worthy note that none these normal animals 
used ever showed the least symptom poliomyelitis. 


DISCUSSION. 


The deductions from these experiments are clear. The domes- 
tic fly may become contaminated with the poliomyelitic virus which 
may obtain nature from infected discharges from the nose 
and throat intestine. Because the resistance the virus 
ordinary physical changes, especially when combined with mucous 
secretions, can transported living state the surface 
their bodies for two more days, and because the resistance 
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displays digestive secretions, within the esophagus and stomach 
for least several hours. The survival the gullet permits the 
contamination objects during the feeding process through the 
act regurgitation which the fly performs moistening and dis- 
solving its food. 

The flight the house fly considerable. Copeman, Howlett, 
and found marked flies from one half three quarters 
mile from the place their liberation. this account these 
potential passive contaminators are theoretically capable carrying 
and depositing the virus considerable distance from the point 
which the original contamination occurred. Through the ordi- 
nary active habits the fly the virus may transferred persons 
things with which persons come into close relation, and 
the death the flies they may through disintegration liberate sur- 
viving virus that may possibly converted into dust. The finding 
the virus the secretions the nose, throat, and gastro-intes- 
tinal tract human beings suggests that through the agency such 
passive contaminator the fly, the virus may taken into the 
bodies human beings which, conditions favoring, may de- 
velop and cause infection. 

Our experiments tend exclude least the species mosqui- 
tos with which worked carriers the virus. The pediculi 
also seem incapable taking the virus out the blood main- 
taining living state within their bodies. 

The experiments with the bedbug have special interest. They 
were not designed either ask answer directly the question 
whether the bedbug acts the source infection man. The 
question asked was whether they (or other biting insects) could 
take the virus from the blood and maintain for period 
living state. When recalled that the virus exists highly 
dilute condition the blood, this question assumes considerable 
importance. Although only single successful experiment was 
secured, none the less clear its meaning, which that 
possible for blood-sucking insect both obtain living virus from 
the blood and maintain living state for least seven days, 


Copeman, M., Howlett, M., and Merriman, G., Reports the Local 
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which time can inoculated successfully into the monkey and 
experimental poliomyelitis produced. Since, however, the experi- 
ment succeeds exceptionally, the bedbug would seem not 
carrier the poliomyelitic virus nature, although this possibility 
not entirely excluded. 


CONCLUSIONS. 


The domestic fly (Musca domestica) can carry the virus 
poliomyelitis active state for several days upon the surface 
the body and for several hours within the gastro-intestinal tract. 

Mosquitos (Culex pipiens, Culex sollicitans, and Culex cantator), 
our experiments, have not taken and maintained living 
state the virus from the spinal cord monkeys. 

Lice (Pediculus capitis and Pediculus vestimenti) have not taken 
the virus out the blood monkeys maintained living 
state. 

The bedbug lectularius) has taken the virus with the 
blood from infected monkeys and maintained living state 
within the body for period seven days. 


STUDIES FERMENT ACTION. 


IMMUNIZATION WITH PROTEOLYTIC CLEAVAGE PRODUCTS 
PNEUMOCOCCI.* 


JAMES JOBLING, M.D., SOLOMON STROUSE, M.D. 
(From the Morris Institute for Medical Research, Chicago.) 


Experimental studies the pneumonic process, based the 
conceptions modern biological science and couched commonly 
adopted terms immunity, have yet not succeeded explaining 
the disease. Wadsworth (1) has recently given thorough pres- 
entation the status biological studies pneumonia and has 
shown how unsatisfactory our knowledge is. Perhaps the com- 
moner forms immune bodies the opsonins have played the most 
important part the literature this problem, yet phagocytosis 
has been shown not the only, even necessarily the most 
important factor. Our own studies opsonins (2) pneumonia 
led believe that whereas they were present the circulating 
blood pneumonia patients after crisis, they could not per ex- 
plain the crisis. Yet phagocytosis seems have thrown the most 
light the subject immunity pneumonia (Lamar 

If, then, the phenomena pneumonia have not yielded the 
probings biological investigation, necessary adopt new 
hitherto unstudied lines work. Lamar (3) reasoning 
similar vein directed his attention the effects pneumococci 
various soaps and found interesting correlation between the 
effects soaps and immune sera. Rosenow (4, studied 
mainly the separation the toxic substances the body the 
pneumococcus and the relation these substances proteolysis. 
Dick (7) demonstrated the presence post-critical pneumonic sera 
proteolytic ferment capable specific digestion pneumo- 
coccus extracts. All these investigations will discussed more 
fully the course this and subsequent papers. They are men- 
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tioned here order emphasize various new points attack 
the problem. 

For the past two years have been focussing our attention 
the problem from the view-point possible ferment action, and 
have been experimenting with several the body ferments. 
Along with other comparative studies presumed that the high 
circulating leucocytosis and especially the accumulation leuco- 
cytes the lung must play important part the cure pneu- 
monia. More than theoretical support lent this view the 
fact that pneumococcus infections other than pneumonia are not 
attended the same clinical picture. Neither general pneumo- 
coccus septicemias nor localized infections such arthritis en- 
docarditis, which are not associated with local accumulations 
leucocytes, terminate crisis. The conclusion that the leucocytes 
play part the immunity process pneumonia is, course, not 
proved, but the association certainly suggested. Since phagocy- 
tosis cannot explain the crisis, necessary consider the other 
possible activities leucocytes. 

previous paper (8) reported our investigations some 
the leucocytic ferments causing proteolysis. this paper 
were able show the presence least three such ferments, two 
capable splitting native protein, and one acting the products 
digestion proteases. the process drying with alcohol 
and cther, the effect heating, and the use different 
zymolites acid alkaline media, were able separate the 
actions these various ferments. showed that the alkaline 
extraction leucocytes which had been dried means alcohol 
ether yielded ferment capable splitting native protein 
albumose and slight extent peptone, whereas fresh untreated 
leucocytes were practically identical with trypsin their proteolytic 
activities. 

the present paper propose discuss (1) the effect the 
alkali-acting leucoprotease pneumococci and (2) experiments 
dealing with the immunization animals the split products 
this digestion. 


series experiments the comparative effects physiolog- 
ical salt solution and leucoprotease pneumococci were tested. 
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These experiments involved simple technique. Given amounts 
twenty-four hour broth culture pneumococci were centrifugalized, 
washed physiological salt solution, resuspended salt solution, 
and divided into two equal parts. one half was added small 
amount the alkaline leucoprotease, the other the same amount 
salt solution. few drops were added and the 
tubes incubated 37° Every day the gross appearance the 
tube and the microscopic changes the organisms were noted. 
Marked differences the gross appearance the flasks could 
seen twenty-four hours. The turbidity the flask containing 
leucoprotease was greatly diminished, whereas the flask containing 
autolyzing pneumococci was only slightly less cloudy than when 
they were put the incubator. Usually within forty-eight hours 
the leucoprotease flask had almost entirely cleared up, leaving 
minimum deposit, but the salt flask was still cloudy. the digestion 
were continued long one week the differences between the 
two were still marked. instance did the flask containing 
autolyzing pneumococci show rapid complete clearing 
did the one containing leucoprotease and pneumococci. might 
expected, the microscopic appearances the pneumococci were 
parallel the gross changes. The leucoprotease flask showed 
much more rapid diminution the number organisms, and 
tinctorial changes evidencing disintegration those remaining. 
Even within twenty-four hours most the pneumococci were mere 
shadows and were Gram negative, whereas the salt flasks the 
organisms looked almost normal and were still Gram positive. 
the same time, the chemical changes the two tubes were com- 
pared. The method measuring the various proteolytic fractions 
evolved our previous studies could not carried these 
experiments, technique was only possible with larger 
amounts zymolite. Certain constant changes, however, were 
found, which indicate that the organisms treated with leucoprotease 
underwent deeper proteolysis shorter time than did those sub- 
jected autolysis salt solution. The pneumococci treated with 
leucoprotease constantly gave higher figure for total acidity, 

have found that pneumococci contain antiproteolytic substance, the 


action which prevented chloroform. This will discussed more fully 
subsequent paper. 
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measured titration with N/50 sodium hydroxide, and gave 
figure with formol titration which was constantly higher than that 
obtained from the salt control. results here were always the 
same, whether used dried pneumococci fresh washed ones, 
whether the salt control was rendered the exact alkalinity the 
leucoprotease tube. Although realize the limitations the for- 
mol titration method measuring proteolysis, the constancy our 
results warrants its application. 

When studied the chemical changes from day day was 
seen that leucoprotease produced its maximum digestion from 
twenty-four forty-eight hours, and that after that time there was 
decline both the total acidity and the figure for formol titra- 
tion. are given the results one such experiment, show- 
ing also parallel column the figures for the autolyzing pneu- 
mococci. this experiment the pneumococci salt solution gave 
evidence digestion measured formol titration, but 
other experiments slight digestion could ascertained. 


droxide. hydroxide. 
Pneumococci and leucoprotease. hrs. 0.37 
Pneumococci salt solution. hrs. 
Pneumococci and leucoprotease. hrs. 0.23 0.24 
salt solution. hrs. 0.17 0.00 
Pneumococci and leucoprotease. hrs. 0.09 0.12 
Pneumococci salt solution. hrs. 0.06 0.00 
Pneumococci and leucoprotease. dys. 0,09 0.16 
Pneumococci salt solution, dys. 0.08 0,00 


The exact chemical changes that occur this experiment are still 
under investigation, but can definitely concluded from the 
gross and microscopic appearances, well from the titrations 
cited, that leucoprotease causes more extensive digestion pneu- 
mococci than occurs when the organisms are suspended salt so- 
lution. injections into guinea pigs showed that the 
products leucoprotease digestion were certainly less toxic than 
the products autolysis, and assumed that probably leucopro- 
tease carried proteolysis pneumococci beyond the toxic stage. 

Rosenow’s interesting studies, which were published while this 
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work was preparation, show direct parallelism. proved 
that autolysis pneumococci resulted first producing toxic 
substance, which when injected directly into the circulation was 
capable killing guinea pigs with all the symptoms anaphylactic 
shock. When digestion was carried further, the toxic substance 
disappeared. Rosenow considers probable that the toxic sub- 
stance “is earlier split product pneumococci than the peptone 
Our previous work showed that leucoprotease split mainly 
albumose and slight extent peptone, which affords sup- 
port Rosenow’s assumption. The toxic substance then must 
closely related the protein molecule, and the substances resulting 
from leucoprotease digestion are deeper proteolytic cleavage 
products. 

then attempted study what effect the injection these 
various digestion products would produce rabbits. 


Ten rabbits were used. Rabbit was given pneumococci heated 60° 
salt solution, centrifuged, and washed. The supernatant fluid was divided 
half and injected into rabbits and Rabbits and were given the super- 
natant fluid from pneumococci treated with leucoprotease, and rabbits and 
similar fluid from pneumococci autolyzed salt solution. Rabbit was 
immunized the usual way one injection dead organisms followed 
several injections live pneumococci. Rabbit received the washed sediment 
from the pneumococci treated with leucoprotease, and rabbit the similar sedi- 
ment from the autolyzed pneumococci. 


This long series was planned order get standards im- 
munity, and the details each injection will given solely for 
those animals which are especially interested. The general 
method procedure was use twenty-four hour broth cultures 
which were centrifuged and washed. The organisms were then sus- 
pended salt solution and halved. one half certain amount, 
generally two cubic centimeters, 0.016 gram leucoprotease 
was added, and the other the same amount salt solution. 
Chloroform was then added and the flasks were incubated 37° 

The time incubation varied, and will given each protocol. 
Before injection the mixtures were thoroughly centrifuged 
speed 3,000 revolutions per minute for from one half one 
hour, the supernatant fluid and the chloroform were removed, and 
the sediment was washed salt solution. The same amount 
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fluid was always used, e., the salt autolysate injection represented 
exactly the same amount pneumococci did the leucoprotease. 


Rabbit 4—Injected with the supernatant fluid from the digestion pneu- 
mococci leucoprotease. 


Jan. 30, dys. Intraperitoneal. 
Feb. 1912. dys. Intraperitoneal. 
Feb. 23, 1912. dys. Subcutaneous. 
Mar. dys. Subcutaneous. 
Mar. 13, 1912. dys. Subcutaneous. 


Rabbit with the supernatant fluid from the autolysis 
pneumococci salt solution. Protocol identical with that rabbit 

Rabbit 9.—Injected with the washed sediment from digestion pneumo- 
cocci leucoprotease. Protocol identical with that rabbit 

Rabbit with the washed sediment from autolysis pneumo- 
cocci salt solution. Protocol identical with that rabbit 


The organisms used these experiments were only moderately virulent and 


showed some spontaneous phagocytosis. 


The determinations both qualitative and quantitative immunity 
were made along several lines, but for the present the opsonic power 
the serum will used standard. the present state 
our knowledge, information gained opsonic titrations must still 
considered the most valuable comparative knowledge obtainable, 
for yet sufficient data are not hand justify the application 
newer methods, as, for instance, the measurement the proteo- 
lytic power the serum. However, have made sufficient study 
the newer phases immunity feel that shortly shall 
able report more fully these questions pneumococcus 
immunity. 

March fresh unheated sera were tested for opsonins against 
the homologous organism, the Neufeld technique. Rabbit 
which had received the products digestion leucoprotease 
showed well marked high grade opsonic immunity. the 
serum from rabbit which had received the salt autolysate, 
trace opsonic immunity could shown. Rabbit which 
had received the sediment from the action leucoprotease pneu- 
mococci, likewise showed immunity, whereas rabbit 10, which 
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had received the bacterial bodies remaining after autolysis, gave 
high degree. 

March this experiment was repeated and verified with 
sera seventeen days old. attempted demonstrate opsonic 
immunity against two heterologous strains, one highly virulent and 
one avirulent, and both experiments found increase any 
serum. results correspond with those obtained for opsonins 
the usual method injection, but whether the specificity op- 
sonic immunity actual index the true immunity doubtful. 
Several attempts demonstrate complement-binding amboceptors 
these sera were unsuccessful, even though used antigen 
suspensions the organisms salt solution, well watery and 
alcoholic extracts. 

series the same general method was employed. 


Rabbit 4—Injected with the supernatant fluid from the digestion 
pneumococci leucoprotease. 


Incubation period pneumococci 


Date injection. and leucoprotease. Method injection. 
Mar. 23, dys. Subcutaneous. 
Apr. dys Subcutaneous. 
Apr. 22, 1912. dys. Subcutaneous. 
May 13, dys. Subcutaneous. 
May dys. Subcutaneous 
June dys. Subcutaneous. 


Rabbit with the supernatant fluid from the autolysis 
pneumococci salt solution. Protocol identical with that rabbit 

Rabbit 9.—Injected with the washed sediment from digestion pneu- 
mococci leucoprotease. Protocol identical with that rabbit 

Rabbit with the washed sediment from autolysis pneumo- 
cocci salt solution. Protocol identical with that rabbit 

The strain organisms used these experiments was highly virulent and 
had resisted phagocytosis the sera all the animals before injections were 
begun. 


June the sera all animals were tested for opsonic im- 
munity the Neufeld technique. Sera had been drawn June 
and had been kept ice without preservatives. Here were 
again able demonstrate well marked high grade opsonic 
immunity the rabbit treated with the cleavage products leuco- 
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protease pneumococci. this experiment, the one pre- 
viously outlined, the quantitative estimation immune opsonins 
showed that the highest grade immunity had been reached 
the rabbit receiving the products leucoprotease digestion; and 
again here the immunity was found exist only for the homolo- 
gous strain pneumococci. Complement-binding amboceptors 
could not demonstrated. 

third series experiments were able verify every 
detail the results already outlined. 


SUMMARY. 


Leucoprotease splits pneumococci into lower cleavage products 
than are obtained with the autolytic ferment contained the pneu- 
mococci. 

Such cleavage products injected into rabbits have the property 
producing immune bodies the blood the injected animals. 

These experiments indicate that proteolysis plays part the 
production pneumococcus immunity. 
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On PWD 


Since this article went press, Hirschfelder (Jour. Am. Med. Assn., 1912, 
lix, 1373) has published communication the effect pancreatin pneumo- 
cocci. Broth culture organisms were treated for fifteen minutes 37° C., were 
then acidified and passed through Pasteur filter. The “soluble vaccine” which 
results from this treatment has the property preventing pneumococcus infec- 
tions susceptible animals, and the serum these animals also has the prop- 
erty preventing pneumococcus infections. The vaccine was used small 
series cases lobar pneumonia man with apparently favorable results. 
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